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HOMER SCOTT SWINGLE
July 29, 1902 - May 20, 1973

Homer Scott Swingle was one of the
great fishery scientists. His contributions
to fishery management and aquaculture have
had a tremendous impact on fishery development in Alabama, the nation and the world.
Dr. Swingle's research has led to the
creation of millions of acres of productive
waters for both sport and commercial
fisheries. His fish management methods are
now used worldwide to make fish available
for protein-hungry people.
As a young scientist, Dr. Swingle's
personal interest in sport fishing, coupled
with a lack of good fishing ponds near
Auburn, Alabama, motivated him to change
from entomology to a career in fisheries.
Many of his early experiments in fisheries,
initiated in 1934, were conducted jointly
with Dr. E. V. Smith, a plant physiologist.
Both received strong administrative support
from the late Dr. Marion J. Funchess then
the Director of the Alabama Agricultural
Experiment Station.
Drs. Swingle and Smith pioneered in the
use of small earthen ponds as "test tubes"
for obtaining solutions to problems in fish
pond management. Their early studies on the
importance of small ponds to soil and water
conservation contributed to national programs
developed by agencies of the U.S. Departments
of Agriculture and Interior. Subsequently,
they found combinations of forage and piscivorous species of fish that could be stocked in
ponds to furnish good fishing indefinitely

without restocking. Their concept of
"balanced" populations that provide sustained yields year after year was unique
in fishery science and a milestone in the
understanding of fish population dynamics.
They studied the relationship between soil
fertility and fish production in small
ponds and developed simple methods for
increasing fish production through the
addition of inorganic fertilizers. They
developed techniques for the construction
of dams for small ponds, studied physical
characteristics of ponds that would make
them more easily manageable, and described
methods to biologically control obnoxious
aquatic plants and animals many years
before ecologists became alarmed over the
effect of pesticides in the environment.
Dr. Swingle realized early that as
the amount of good fishing waters increased
there would be increased demand for fish
bait. So, he developed methods that could
be used for the commercial production of
worms, crickets and minnows.
While working on the problems of pond
management for sport fishing, Dr. Swingle
developed an interest in producing fish in
ponds as a food crop. His contributions in
the development of aquaculture as a means of
food production gained him worldwide fame.
He served as fisheries consultant to the
Governments of Israel and Thailand in 1957
and India in 1961, was the U.S. Pond Fish
Culture representative to the Pacific
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Science Congress, and gave leadership to
numerous foreign fisheries meetings and
programs. He was chairman of the first
World Symposium on Warm Water Pondfish
Culture sponsored by the Food and
Agriculture Organization in Rome in 1966
and was chosen as a member of President
Johnson's Panel of Specialists of Food
for Peace in Vietnam in 1966. Primarily
because of his knowledge of international
aquaculture, the United States Agency for
International Development (USAID) began
contracting with Auburn University for
fishery work in developing countries in
1967 and provided the University an institutional development grant for aquaculture
and fisheries in 1970. After 1967, he
participated in numerous surveys to assess
the potential for aquaculture development
in the following countries: Philippines,
Taiwan, Japan, Malaysia, Thailand, Vietnam,
Bangladesh, Pakistan, India, Nepal, Israel,
Turkey, Puerto Rico, Colombia and Ecuador.
Under his supervision, USAID-sponsored
fishery projects involving Auburn staff
members and newly constructed or greatly
expanded aquacultural research facilities
have been initiated in Brazil, El Salvador,
Panama, the Philippines and Thailand.
Dr. Swingle has written numerous
scientific and popular fishery articles.
His ability to explain his ideas and methods
in simple language using homemade visual
aids led to many requests for short courses
and special schools for fishery workers.
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He was a dynamic teacher with a special
interest in teaching others; it was inevitable that he establish a formal training
program for fishery students at Auburn.
From rather humble beginnings in the late
1940's he developed one of the most highly
regarded undergraduate and graduate teaching programs in fisheries in the world'.
It is significant that the first Ph.D.
granted by Auburn University was to one of
Dr. Swingle's foreign students. His former
students, employed by universities, governments and private firms throughout the world,
are contributing significantly to the enhancement of fisheries.
Under Dr. Swingle's leadership and
because of his ability to produce practical
research results, Auburn University now has
the largest fisheries research unit in the
world. The unit occupies over 1,300 acres
with 681 experimental ponds and numerous
support facilities. The newest facility is
the modern four-story Homer S. Swingle
Fis heries Building with space for offices,
classrooms, and laboratories .
Dr. Swingle never lost his love of
fishing. He was not only a fish scientist
but a fisherman scientist as well. His
lectures on the art of fishing were classics.
He enjoyed being a chef and his fried fish,
hushpuppies, tossed salad , and ice cream
served under the shade trees on the shores
of Auburn's fish ponds were masterpieces.
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Dr. Swingle received numerous honors,
awards and citations for his contributions
to fisheries. These included the U.S .
Department of Interior Conservation Service
Award, 1951; Nash Conservation Award, 1954;
President of the American Fisheries Society,
1958; Man of the Year in Southern Aquaculture, 1958; Governor's Conservation
Award, 1960; Leopold Award from the Wildlife
Society, 1965; and Honorary Membership in
the American Fisheries Society, 1966. He
was named Alumni Research Professor at
Auburn in 1968 and Head of the Department
of Fisheries and Allied Aquacultures and
Director of the International Center for
Aquaculture in 1970. The Homer Scott Swingle
Fi sheries Building, Auburn University was
dedicated in his honor on June 9, 1973 .
He counseled Presidents and Prime
MinisterG, lectured to scientists and
scholars; but never lost the humble outlook
that is a mark of a great man. He always
took time to talk to a student and offer an
encouraging word. On field trips, he was
the first to get mud on his boots and to
take the deep end of the seine.
A native of Columbus, Ohio, Dr. Swingle
received the M.S. degree in entomology in
1925 from Ohio State University. His Alma
Mater bestowed the D.Sc. (honorary) on him
in 1958.
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Dr. Swingle married Catherine Hurtt,
also of Columbus, Ohio, on October 14, 1925.
Children are: daughters, Mrs. Lois Swingle
Pierce, Auburn; Mrs. Jean Swingle Cunningham,
Nashville, Tennessee; and sons, Dr. Roger L.
Swingle, Athens, Georgia; Mr. Wayne Swingle
and Mr. Hugh A. Swingle, Dauphin Island,
Alabama. One son is deceased.

I. B. BYRD

National Oceanic and Atmospheric Administration
National Marine Fisheries Service
St. Petersburg, Florida
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HOMER s. - SWINGLE FISHERIES BUILDING
AUBURN UNIVERSITY
DEDICATED 9 JUNE 1973
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HOMER SCOTT SWINGLE
Publications

1925.

Digestive enzymes of an insect.

Ohio Jour. Sci. XXV, (5):209-218.

1928.

Chemical changes in dusting mixtures of sulfur, lead arsenate,
and lime during storage. Jour. Agric . Res . 36, (2):183-192.
Digestive enzymes of the Oriental fruit moth.
XXI, (3) : 469-475.

1929 .

Am. Ent. Soc. A.

Composition of commercial acid lead arsenate and its relation to
arsenical injury. Jour. Agric. Res. 39, (6):393-401 .
The storage of liquid lime sulfur in steel drums.
Ent . 22, (5):822.

Jour. Econ .

Life history of the Oriental peach moth in Georgia, by 0. I. Snapp
and H. S. Swingle, U.S.D.A. Tech. Bul. 152:16 pp .
Relative covering power of miscible oil and oil emulsion, by 0. I.
Snapp and H. S. Swingle, Jour. Econ. Ent. 22, (5):824.
Results of further investigation with paradichlorobenzene around
peach trees, with special reference to injury, by 0. I . Snapp and
H. S. Swingle, Jour. Econ. Ent. 22, (5):782-785.
1930.

Preliminary report of paradichlorobenzene sol~tions for the control
of the lesser peach borer, Aegeria pictipes G. &R., by 0. I. Snapp
and H. S. Swingle, Jour. Econ. Ent. 23:636-638.

1931.

Some fungous and bacterial diseases of pecan weevil larvae, by
H. S. Swingle and J. L. Seal, Jour. Econ. Ent. 24:917.
Petroleum oils and oil emulsions as insecticides, and their use
against the San Jose scale on peach trees in the South, by H. S.
Swingle and 0. I. Snapp, U.S.D.A. Tech. Bul. 253:48 pp.

1933 .

Bullfrog culture.
Sept. 1933:4 pp.

1934 .

Control of subterranean termites in dwellings.
Agr. Exp. Sta. Leaflet 1:4 pp.
The pecan weevil.

Ala . Poly. Inst. Agr. Exp. Sta.

Ala. Poly. Inst.

Ala. Poly. Inst. Agr. Exp. Sta.
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Mimeograph,

Leaflet 4:4 pp.

1934.

The control of peach diseases and insects, by H. S . Swingle
and J. L. Seal, Ala. Poly. Inst. Agr . Exp. Sta. Leaflet 3 : 4 pp.

1935.

Contro l of pecan weevil .

1936.

Fish ponds in Alabama.

1937 .

Raising fishworms in tubs, by H. S. Swingle and D. G. Sturkie,
Ala. Poly . Inst . Agr. Exp. Sta. Mimeograph, May 1937 :4 pp.

1938.

Construction of farm ponds.
Mimeograph, July 1938:5 pp.

Jour . Econ . Ent. 28 :795 - 796.
Jour. Ala. Acad. Sci. 8:27.

Ala. Poly. Inst. Agr. Exp. Sta.

Pond fish growing experiment s conducted at Auburn.
and Fish News. Oct. 1938:5.

Ala. Game

Relative toxicities to insects of acid lead arsenate, calcium
arsenate, and magnesium arsenate. Jour. Econ. Ent. 31:430-441.
Management of farm fish ponds, by H. S. Swingle and E. V. Smith,
Ala . Poly. Inst . Agr. Exp. Sta. Mimeograph, July 1938: 6 pp.
Pond fish experiments continue at Auburn, by H. S. Swingle and
E. V. Smith, Ala. Game and Fish News, Dec. 1938:7.
Raising fishworms for bait, by H. S. Swingle and D. G. Sturkie,
Ala. Poly. Inst. Agr. Exp. Sta. Mimeograph, Nov. 1938:2 pp.
1939.

Construction of farm ponds.
12.

Southern Agriculturist.

Management of farm fish ponds.
and Fish Commission.

Nov. 1939:

Bulletin for Mississippi Game

Does Alabama need a closed season on fishing, by H. S. Swingle
and E. V. Smith, Ala. Poly. Agr. Exp. Sta. Typed report.
Fertilizer increases yield of fish ponds, by H. S. Swingl e and
E. V. Smith, Ala. Game and Fish News. May 1939:3.
Fertilizers for increasing the natural food for fish in ponds,
by H. S. Swingl e and E. V. Smith, Trans. Am. Fish. Soc . 68
(1938) :126-135.
Increasing fish production in ponds, by H. S . Swingle and E. V.
Smith, Trans. N.A. Wildlife Conf . 4:332-338.
Overstocked ponds produce smal l fish, by H. S. Swingle and E. V.
Smith, Virgirtia Wildlife. Jan. 1939:3.
Scientists discuss closed season on fish, by H. S. Swingl e and
E. V. Smith, Ala. Game and Fish News. July 1939 :9 , 14.
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1939.

Plankton basic food for most fishes, by E. V. Smith and H. S.
Swingle, Ala. Game and Fish News. Feb. 1939:8.
The relationship between plankton production and fish production
in ponds, by E. V. Smith and H. S. Swingle, Trans . Am. Fish. Soc.
68 (1938):309-315.
The spawning season of bream in Alabama, by E. V. Smith and H. S.
Swingle, Ala. Game and Fish News. Sept. 1939:7 .

1940 .

Fish production in terrace-water ponds in Alabama, by H. S. Swingle
and E. V. Smith, Trans . Am . Fish. Soc. 69 (1939) : 101-105.
Experiments on the stocking of fish ponds, by H. S. Swingle and
E. V. Smith, Trans . N.A. Wildlife Conf . 5:267-276.
Effect of organic and inorganic fertil izers on plankton production
and bluegil l bream carrying capacity of ponds, by E. V. Smith and
H. S. Swingle , Trans. Am . Fish . Soc . 69 (1939) : 257-262 .
Most fi sh ponds are too big, scientists find, by E. V. Smith and
H. S. Swingle, Ala . Fish and Game News. Aug. 1940:3, 15.

1941.

The management of ponds for the production of game and pan fish,
by H. S. Swingle and E. V. Smith. A Symposium on Hydrobiology,
pp. 218-226 . Univ. Wi sconsin Press.
Managing ponds for fish production, by H. S. Swingle and E. V.
Smit h, Prog . Fish. Cult . 53 :8-13 .
Bass and bream food in Al abama waters, by H. H. Howell, H. S.
Swingle and E. V. Smith. Ala. Conservation. Feb. 1941:3.
Control of spatterdock (Nuphar advena Ait) in ponds, by E. V.
Smith and H. S. Swingle , Trans. Am. Fish. Soc. 70 (1940) :363-368.
The use of fertilizer for controlling the pond weed, Najus
guadalupensis , by E. V. Smith and H. S. Swingle, Trans. N.A .
Wi ldl ife Conf. 6:245-251.
Winter and summer growth of bluegills in fertilized ponds, by
E. V. Smith and H. S. Swingle, Trans. Am. Fish. Soc. 70 (1940):
335-338 .

1942 .

Management of farm fish ponds, by H. S. Swingle and E. V. Smith,
Ala. Poly. Inst . Agr. Exp . Sta. Bul. 254:23 pp .
The management of ponds with stunted fish populations, by H. S.
Swingle and E. V. Smith, Trans. Am. Fish. Soc. 71 (1941):102-105.
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1942.

The use of fertilizer for controlling several submerged aquatic
plants in ponds, by E. V. Smith and H. S. Swingle , Trans. Am.
Fish. Soc. 71 (1941):94-101 .

1943.

Effect of management practices on the catch in a 12 acre pond
during a 10-year period, by H.S. Swingle and E. V. Smith. Trans.
of Eighth North American Wildlife Con£., 1943:141-155.
Factors affecting the reproduction of bluegill bream and
largemouth black bass in ponds, by H. S. Swingle and E. y. Smith ,
Ala. Poly. Inst. Agr. Exp. Sta. Cir. 87:8 pp .
Organi c materials as fertilizers for fish ponds, by H. S. Swingle
and E. V. Smith, Trans. Am. Fish. Soc. 72 (1942) :97-102.
Percentages of survival of bluegills (Lepomis macrochirus) and
largemouth black bass (Huro salmoides) when planted in new ponds,
by H. S. Swingle and E. V. Smith, Trans. Am. Fish . Soc. 72(1942):
63-67.
Results of further experiments on the stocking of fish ponds, by
H. S. Swingle and E. V. Smith, Trans. N.A. Wildlife Con£. 8:168179.

1944.

How to build a farm fish pond, by H. S. Swingle and E. V. Smith ,
Progressive Farmer, July 1944:10.
1943 Fish Laws, by H. S. Swingle and E. V. SMith, Farm Bur. News.
Jan. 1944.
Ponds. for improving stream fishing, by E. V. Smith and H. S.
Swingle, Ala. Poly. Inst. Agr. Exp. Sta. Leaflet 20:7 pp.
Stocking farm fish ponds, by E. V. Smith and H. S. Swingle,
Progressive Farmer, Aug. 1944:14.
200 pounds of fish per acre, by E. V. Smith and H. S. Swingle,
Pregressive Farmer, April 1944:14.

1945.

Fish and Fishing series,

Ala. Agr. Exp. Sta.

Improvement of fishing in old ponds .
Con£. 10 : 299-308.
Raising crickets for bait.
Leaflet 22:4 pp .

Trans , N.A. Wildlife

Ala. Poly. Inst. 'Agr . Exp. Sta.

Good fishing for everybody, by H. S. Swingle and E. V. Smith,
Aim, 4(7):12-15, 42, 43. Aim, 4(8):17-21. Aim, 4(9):26-29.
Aim, 4(10):18-19, 46.
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1947.

Management of farm fish ponds, by H. S. Swingle and E. V. Smith,
Ala. Poly. Inst. Agr. Exp . Sta. Bul. 254. Revised Jan . 1947:30 pp.
Raising fishworms for bait, by H. S. Swingle and D. G. Sturkie,
Progress Report, Agr. Exp. Sta. April 1947 .
Experiments on pond fertilization.
Sta . Bul. 264:34 pp .
Pointers on ponds.

1949 .

Ala. Poly. Inst. Agr. Exp .

Southern Agriculturist for December, 1947:16.

Experiments with combinations of largemouth black bass, bluegills
and minnows in ponds. Trans. Am. Fish. Soc . 76(1946) : 46-62.
Some recent development s in pond management.
Con£. 14:295-312.

Trans. N.A. Wildlife

1950.

Re lationships and dynamics of balanced and unbalanced fish
populations. Ala. Poly. Inst. Agr. Exp. Sta. Bul. 274:74 pp.

1951.

Experiments with various rates of stocking bluegills, Lepomis
macrochirus, Rafinesque, and largemouth bass, Micropterus
salmoides (Lacepede) in ponds. Trans. Am. Fish. Soc. 80 (1950):
218-230.
Public fishing lakes in the S.E.

Typed report.

1952.

Farm pond investigations in Alabama.
(3) :243-249.

Jour . Wildlife Mgt. 16

1953.

The commercial rainbow trout industry. Report to Ida Cason
Callaway Foundation. Sept. 1953. 12 pp.
Farm pond program and stream stocking. Minutes of Fish Cultural
Station Project Leaders Conference, Atlanta, Georgia, March 30April 3, 1953.
Impounding water for irrigation.
Ann. Staff Con£. (1951):105-115.
Pond research in Alabama.
133.

Ala. Poly. Inst. Agr. Exp. Sta.

The Progressive Fish Culturist 15 (3):

Water sampler and water analysis kit, by H. S. Swingle and M. C.
Johnson, Progressive Fish Cult. 15 (1) : 27-30.
Partial poisoning of overcrowded fish populations, by H. S.
Swingle, E. E. Prather and J. M. Lawrence. Ala. Poly. Inst.
Agr. Exp. Sta. Cir. 113 : 15 pp.
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1953.

The production of minnows for bait in the Southeast, by E. E.
Prather, J. R. Fielding, M. S. Johnson and H. S. Swingle, Ala.
Poly. Inst . Agr . Exp. Sta. Cir. 112:71 pp .

1954.

Experiments on commercial fish production in ponds.
Southeast Assn . Game and Fish Comm. 1954:69-74 .
Fish populations in Alabama rivers and impoundments.
Am. Fish. Soc. 83 (1953) :47-57.

1955.

Pond fertilization and fishing.

Proc.
Trans.

Proc . Ark. Fert. School 5:116.

Storing water for irrigation. Proc. Water Res. and Supl . Irrig.
Workshop. Ala. Poly. Inst. Agr. Exp. Sta. 50-55.
1956.

Commercial fishworm production. Ala. Poly. Inst . Agr. Exp. Sta.
Progress Rept. Series No. 62:3 pp .
Determination of balance in farm fish ponds.
Wildlife Conf. 20 (1955):298-318.

North Amer.

A repressive factor controlling reproduction in fishes.
Pacific Sci. Congress 8 (1953): !!! A:865-871.
1957 .

Proc.

Commercial production of red cats (speckled bullheads) in ponds.
Proc. Ann. Conf. S.E . Game and Fish Comm . 10 (1956) :156-160.
Control of pond weeds by the use of herbivorous fishes.
Southern Weed Conf. 10:11-17.

Proc.

Is artificial propagation of marine fishes feasible to improve
annual production? Gulf States Marine Fisheries Comm. Minutes
of Reg. Meeting. March 21-22, 1957.
Preliminary results on the commercial production of channel
catfish in ponds. Proc. Ann. Conf. S.E. Game and Fish Comm.
(1956) :160-162.
Revised procedures for commercial production of bigmouth buffalo
fish in ponds in the Southeast. Proc. Ann. Conf. S.E. Game and
Fi sh Comm. (1956): 162-165.
1958.

Further experiments with Tilapia mossambica as a pondfish.
Ann. Conf. S.E. Game and Fish Comm . 11:152-154.
How fish population surveys should be reported.
S.E. Game and Fish Comm. 11:103-104.

Proc. Ann. Conf.

Report to Department of Fisheries, Bangkok, Thailand.
23 pp.
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Proc .

Mimeo,

1959.

Careers in Fisheries.

Trans. Am. Fish. Soc . .88:16-17.

Construction of ponds for fishing .
1 (5): 24-25.

Land and Water Conserv.

Experiments on growing fing erling channel catfish to
marketable size in ponds. Proc. Ann. Conf . S. E. Game and
Fish Comm. 12 (1958):63-72.
For every farm a pond .

Land and Water Conserv. 1(3) :6-7.

Regulations for reservoir construction.
Conserv. 1(4) : 6-7.
1960.

Land and Water

Comparative evaluation of two tilapias as pondfishes in
Al abama. Trans. Am . Fish . Soc. 89(2):142-148.
A f actor controlling fish reproduction.
Ma gaz i ne (Spring) 2 pp.
Plant-food-fish.

The Aquarium

Plant Food Review , 1960 (Fall) 4-5, 24.

St ocking , fertilizing and managing your fish pond . Typed
r eport, 4 pp.
A t on of fish per acre .

Prog . Farmer .

Preliminary results on the production and spawning of white
cat f ish in ponds, by E. E. Prather and H. S. Swingle . Proc.
Ann. Conf . S. E. Game and Fish Comm. 14 : 143-145 .
A biological survey of the Tombigbee River, by D. N. Riemer,
V. L. Devi and H. S. Swingle. Report to the Alabama Water
Improvement Commission.
1961.

Commerci al fishworm production. Progress Report Series No .
62 of Auburn Univ. Agr. Exp. Sta. Revised, Sept . 1961.
Raising crickets for bait. Agr. Exp. Sta . of Ala . Poly . Inst .
Leaflet No . 22. Reprint , May 1961.
Relationships of pH of pond waters to their suitability for
fish culture . Proc. Pacific Sci. Congress 9 (1957), 10:72-75.
Research evaluation report on the Central Inland Fisheries
Institute Stations to the Government of India. Rockefeller
Foundation Mimeograph, March 1961. 34 pp.
Some relationships within fish populations causing fluctuations
in production. Proc. Pacific Sci. Congress 1 (1957), 10: 43-45.
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1962.

Preliminary results on the production and spawning of white
catfish in ponds, by E. E. Prather and H. S. Swingle. Proc.
Ann . Conf. S.E. Game and Fish Comm. 14 (1960):124.

1963.

Methods of ana lysis for waters, organic matter and pond
bottom soils used in Fisheries research. 1963 revision. 103 pp.
Report of the Subcommittee on Fisheries.
Congress 10 (1961):275-286.

1964.

Pacific Science

Experiments with the flathead catfish (Pylodictis Olivaris) in
ponds. Proc. Ann. Conf. S.E. Assn. Game and Fish Comm. 18
(1964):303-308.
Fish culture as a factor in wildlife utilization of man-made
habitats. Proc. MAR Conf. Int. Union Conserv. Natur. New
Series No. 3 (1964) Part l/E:424-430.
Pond fertilization cost can be reduced by 66 percent, by I. B.
Byrd and H. S. Swingle, Ala. Conserv. April -May, 3 pp.

1965.

Fertilizing farm fish ponds.
Research, 12(1):11.

Highlights of Agricultural

Fishing jetties for your pond.

Prog. Farmer.

How to raise large bluegills in ponds.

Prog. Farmer.

Phosphate fertilization of ponds, by H. S. Swingle, B. C.
Gooch and H. R. Rabanal. Proc. Ann. Conf. S.E. Assn. Game
and Fish Comm. 17 (1963):213-218.
Instruction for population analysis programs for IBM 1620 in
Fortran/Format (Fortran I). Ala. Dept. Conserv. Fisheries
Report 3:25 pp.
1966.

Report on FAO Warm-Water Pond Fish Symposium.

1967.

Estimation of standing crops and rates of feeding fish in
ponds. Agr. Exp. Sta., Auburn Univ . FAO/World Symposium on
Warm-Water Pond Fish Cult. 44(3):416-432, (1966).
The future of pond fish culture.
44(1):7-10.

5 pp.

FAO Fisheries Reports,

Pond Fishculture in the U.S. Pacific Sci. Congress.
11, August 11, (1966).
Proteins from inland fisheries. The World Food Problem,
Report of the Panel on the World Food Supply The White
House, II:347-355.
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1967.

Training food producers-pond culture.
and the War on Hunger, 62-65 pp.
Warm-water ponds for panfish.
of Agr., 169-1 71.

Symposium on Manpower

Outdoors USA .

USDA Yearbook

Problems in dynamics of fish populations in reservoirs, by
H. S. Swingle and W. E. Swingle. Reservoir Sympos ium, Athens,
Georgia, 14 pp .
1968.

Biological means of increasing productivity in ponds. World
Symposium on Warm-Water Pond Fish Culture, (1966) FAO Fisheries
Report 4(44):V/R-1:243-257.
Estimation of standing crops and rates of feeding fish in ponds .
World Symposium on Warm-Water Pond Fish Culture, (1966) , FAO
Fisheries Report 3(44) :416-426.
Fi sh kills caused by phytoplankton blooms and their prevention.
World Symposium on Warm-Water Pond Fish Culture, (1966), FAO
Fisheries Report 5(44):IX/E-12:407-411.
Problems in dynamics of fish population in reservoirs .
Fishery Resources Symposium, (1967):229-243.

Reservoir

Standardi zation of biologica l methods in fish culture research.
Proc. of World Symposium on Warm-Water Pond Fish Culture, Rome,
Italy, (1966), FAO Fis heri es Report 4(44) :VI/W-3:422-429.
Report of fishcultural investigations in East Pakistan.
Increasing f ish production by improved fishcultures, by H. S.
Swing l e and D. D. Moss. 14 pp.
Report of fishcultural investigations in India. Increas ing
fish production by improved fishcultures. 18 pp.
Report of fishcultural i nvestigations in Japan . Increasing
fish production by improved fishcultures. 17 pp.
Report of fishcultural investigations in the Federation of
Malaysia. Increas ing fish production by improved fishcultures.
15 pp .
Report of f ishcultural investigations in South Vietnam.
Increasing fish production by improved fishcultures. 17 pp.
Report of fishcultural investigations in Thailand.
fish production by improved fishcultures. 35 pp .

17

Increasing

1969 .

Fishculture project report for East Pakistan, by H. S. Swingle
H. R. Schmittou, D. D. Moss and W. A. Rogers. Increasing fish
production by improved fishcultures. 131 pp .
Report of fishcultural investigations in Taiwan. Increasing
fish production by improved fishcultures. 24 pp.
In l and Fisheries Program of Thailand, by H. S. Swingle, G. B.
Pardue, R. 0 . Smitherman, D. D. Moss, H. R. Schmittou and W. A.
Rogers . Increasing fish production by improved fishcultures.
156 pp.

1970.

History of Warm-water pond culture in the United States ; A
Century of Fisheries in North America. Norman Benson, ed. Am.
Fisheries Society, 1970. 95 - 106.
Inland Fisheries progress in Thailand . 1970. By H. S . Swingle
and Ray Allison. Increasing fish production by improved fishcultures . 106 pp.
Fishculture survey report for Colombia, by H. S. Swingle and
F. A. Pagan . Increasing fish production by improved fishcultures .
63 pp.

1971 .

Proposed cooperative fishery program for Ecuador.
fish production by improved fishcultures. 34 pp.

Increasing

Inl and Fisheries progress in Thailand, by H. S. Swingle and
E. W. Shell. 1971. 110 pp.
Techniques for the development of systems of Aquaculture,
Part I (Written for FAO publication) . 77 pp .
1972.

Development of systems of aquaculture for India .
Indian Journal of Fisheries).
Farming the waters .
Fisheries of Turkey.

(For publication :

World Farming, Vol. 14(8) , August 1972:6-8.
22 pp.

The present status of aquaculture. Keynote address: Proceedings
Third Annual Workshop World Mariculture Society 3:15-27.
Relationship of the Thai Fish Culture Program to production of
fish in the Lower Mekong Area. Mekong Development Panel Seminar,
Feb. International Center for Aquaculture. 16 pp.

18

WATER QUALITY IN CATFISH PONDS!

Claude E. Boyd
Department of Fisheries and Allied Aquacultures
Agricultural Experiment Station
Auburn University
Auburn, Alabama 36830

Ponds used for intensive culture of channel catfish (Ictalurus
punctatus) usually receive 2,000 to 4,000 lbs/A of high quality fish
feed during a 7-month growing season. About 25% of the nutrients in
the feed is converted to fish flesh while the remaining chemical feed
constituents reach the water in unconsumed feed and excrement . The
substances added to the water include organic compounds which increase
the oxygen demand of the pond and plant nutrients which stimulate growth
of phytoplankton and other algae and their photosynthesis. Much addit ional organic matter is produced by photosynthesis (Boyd, 1973a), some
of which gets into the food web to catfish, but upon death of the phytoplankton, contributes to the oxygen demand.
The present investigation concerns the changes in water quality
in catfish ponds during one growing season.
Materials and Methods
This research was conducted in 0. 1-acre earthen ponds with an
average depth of 3 feet and a maximum depth of 5 feet. These ponds. are
located on the Fisheries Research Unit, Agricultural Experiment Station,
Auburn University. Nine ponds were selected from a larger number assigned
to a catfish nutrition experiment.2 Each of the nine ponds was stocked
with 300 channel catfish fingerlings on 9 March 1973 . Small quantities of
feed were applied to the ponds at two-day intervals from 9 March until 19
April. Feeding with experimental rations began on 20 April. Feeds were
applied six days per week at a rate of 3% of the weight of fish in the
ponds until a daily rate of 4 lbs was reached. This quantity was not exceeded. A total of 400 lbs of feed was applied to each pond. Feeds
included three different formulations (Table 1), each of which was used
in three ponds .
On 15 April and 1 July, 3.4 lbs of triplesuperphosphate and 4.8 of
ammonium nitrate were broadcast over the surfaces of the ponds. One-half
of the above amounts of fertilizers was also applied on 22 July.
None of the nine ponds selected for the present study contained
aquatic weeds, but some other ponds in the. nutrition experiment were infested with aquatic weeds . The nine ponds used in the present investigation were treated with the herbicide diquat on 19 June when the chemical
was applied to all ponds in the nutrition experiment.
!Research supported by Hatch Project No. Alabama 287.
2These experiments were conducted by E. E. Prather and
R. T. Lovell.
J. Mar. Sci. Alabama, 2(3):19-30
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Table 1. -Composition of three experimental rations offered to channel catfish
in three treatments

%of Formula
Ingredients

No. 3

No. 6

Cottonseed meal

11.0

8.2

6.0

Soybean meal

40.0

33.0

24.7

Peanut meal

29.0

22.4

17.4

Distiller's dried solubles

7.5

7.5

7.5

Alfalfa meal

2.5

2.5

2.5

Ground wheat

6

11.8

14.0

Wheat bran

0

1

2.0

Animal fat

4.0

2.5

2.5

Fish meal

0

11.0

22.0

Dicalcium phosphate

1.8

0.5

0

Vitamin mix

0.5

0.5

0.5

Methionine

0.47

0.35

0.25

Estimated protein

36

36
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Beginning on 26 April and continuing at approximately three-week
intervals until 11 October, water samples were collected from the deepest
part of each pond with a 90-cm water cclumn sampler (Boyd, 1973b).
Samples were collected between 700 and 800 hours and pH values were measured within 30 minutes of collection. Analyses for total alkalinity,
total hardness, calcium hardness, nitrate, .ammonia, organic nitrogen,
dissolved inorganic phosphorus, total phosphorus, five-day biochemical
oxygen demand (BOD) and chemical oxygen demand (COD) were made by standard procedures (American Public Health Association, 1971). The
chlorophyll content of the water was measured by the technique outlined
by Golterman (1969). Beginning on 28 June, dissolved oxygen concentrations were determined at 4-to 15-day intervals with a polarographic
oxygen meter . Measurements were made at daybreak at a depth of 2.5 feet.
The ponds were drained and fish harvested during late October and
ear ly November, 1973.
Results and Discussion
The small ponds used in this study did not stratify thermally and
the entire water columns apparently contained dissolved oxygen at all
t imes. Measurements of dissolved oxygen at daybreak revealed concentrati ons well above the minimum level for survival of channel catfish
(Table 2). Dissolved oxygen concentrations were similar in ponds of all
t hree treatments.
Feeds were identical in protein content and differed primarily with
re spect to the source of protein (Table 1) . All of the protein in Feed
No. 9 was of animal origin . The type of feed applied to the ponds had
little influence on water quality. Casual examination of data in Table 2
and Figures 1-4 reveal remarkably similar averages for the various water
qua lity parameters in the three treatments. Therefore, findings for all
t hree treatments will usually be discussed collectively.
Total and calcium hardness and total alkalinity gradually increased
throughout the growing season (Fig . 1). Feeds contained more calcium than
was absorbed and immobili zed in the tissues of channel catfish (Table 3).
Although no data are available, it is assumed that the feeds also contained
more magnesium than required by the fish . The surplus calcium caused the
increase in calcium hardness and the surplus calcium and magnesium resulted
i n the increase in total hardness. For example, the average total hardness
of pond waters receiving Feed 3 increased from 14 mg/1 to 26 mg/1 during
the study. The total alkalinity of all ponds increased in proportion to
the increase in total hardness, indicating that carbon dioxide from the
decomposition of organic matter and from the atmosphere reacted to form the
anion bicarbonate which balanced the increase in the cations, calcium and
magnesium.
The rel atively high pH values of 15 May (Fig . 1) cannot be explained.
During the remainder of the study, pH in the nine ponds varied between 7
and 8, with average va l ues around 7.8. Obviously, pH values increased
during the day because of utilization of carbon dioxide in photosynthesis .
King (1970) report ed that early morning pH readings often increase gradually in sewage ponds during the warm months because algae are fixing carbon
dioxide. and carbon to carbon dioxide. He proposed that the net loss of
f ree carbon dioxide and carbon dioxide from the alkalinity system caused
t he increase in pH. Absence of a gradual rise in pH (Fig . 1) during August
when phytoplankton growth wa s heavy (refer to chlorophyll dat a in Fig . 4)
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Figure 1.

Total alkalinity, total hardness, and calcium hardness
(as mg/1 of CaC03) and pH in ponds which received three
different feeds. Solid, dashed, and dotted lines represent feeds No. 3, No . 6, and No. 9, respectively.

Table 2. Dissolved oxygen concentrations at a depth of 2. 5 ft. at daybreak .
values are reported as mg/1

Feed .treatment
No. 6

Date

No. 3

6/28

3.1

4.1

3.5

7/5

5.9

5.5

5.3

7/9

4.0

4.7

2.9

7/12

3.5

4.1

3.4

7/21

5.2

4.4

4.6

7/26

6.2

5.6

5.2

8/2

4.6

4.2

4.2

8/9

4.8

4.0

3.3

8/18

4.6

4.6

4.2

8/24

6.0

6.0

5.5

8/29

5.7

5.5

3.9

9/2

5.9

4.0

3.3

9/7

4.5

4.9

3.6

9/20

4.4

4.9

4.9

9/29

4.9

4.8

4.9

10/14

5.2

5o9

5.0

23

No . 9

Table 3. The amounts of nitrogen, phosphorus, and calcium added to ponds of
each treatment in feeds. The quantity of each element in the final weight
of fish from each treatment is also presented

%
Treatment

Feed

lbs
Fish**

Feea

Fish

400
400
400

49.8
60.2
59.4

Dry weight
No. 3
No. 6
No. 9

100
100
100

20. 0
20.0
20.0
Nitrogen

No. 3
No . 6
No . 9

5. 76*
5.76*
5.76*

11. 17
11.17
11.17

23.04
23.04
23 . 04

5.56
6.72
6.64

4.04
4.24
5.04

2.05
2.47
2.44

3.00
3 . 72
5.36

1. 86
2.25
2.22

Phosphorus
No. 3
No. 6
No . 9

1.01*
1.06*
1.26*

4.11
4.11
4.11
Calcium

No. 3
No. 6
No. 9

0.75*
0.93*
1. 34*

3.74
3.74
3.74

*Estimated from the composition of the individual components of the formula
using data from Morrison (1961).
** These values were obtained from data presented by Lawrence (1968).
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indicate that carbon dioxide from decomposition of organic matter and
from atmospheric sources was added to the pond waters faster than carbon
dioxide was being used by the phytoplankton. Schindler (1971) reported
that the rate of diffusion of atmospheric carbon dioxide into water was
much greater than earlier assumed. The ponds were shallow and conceivably received large contributions of atmospheric carbon dioxide.
Additions of nitrogen in feeds were roughly four times as great as
the amounts of nitrogen assimi lated into fish tissue (Table 3). Additions
of nit rogen in ammonium nitrate amounted to 4.2 lbs. Nitrate concentrations (Fig . 2) were high in early spring and again in the late summer.
Concentrations of nitrate were less than 0.05 mg/1 during the period 6
June to 2 August. Concentrations of organic nitrogen and ammonia increased
with time. However, on 12 September, the average total nitrogen concentrations in the ponds were 1.94, 2.31, and 2.24 mg/1 for treatments No. 3,
No. 6, and No. 9, respectively. Using these values and assuming the pond
contained 0.3-acre feet of water, average quantities of total nitrogen in
the waters of the ponds of the three treatments were 1.57, 1.87, and 1.81
lbs, respectively. These computations reveal a great discrepancy in the
amount of nitrogen in the water and the amount of nitrogen added in excess
of that assimilated by fish. Some of this difference may be accounted for
in nitrogen assimilated by organisms other than fish and nitrogen contained
in dead organic matter deposited on the pond bottoms. However, considerable ammonia was probably lost in gaseous form during periods when
photosynthesis caused pH values to increase to 8.5 and above (Boyd, 1973b).
Patrick and Tusnemm (1972) demonstrated high levels of denitrification in
muds with subsequent loss of the products of denitrification to the
atmosphere. The importance of this second pathway in the loss of nitrogen
from the ponds is not known.
At no time did ammonia concentrations increase to the point that fish
toxicity occurred.
The fish did not use all of the phosphorus added in the feed (Table 3)
and an additional 3.9 lbs of phosphorus was applied in phosphate fertilizer.
Concentrations of dissolved inorganic phosphorus were below 0.01 mg/1
except at times when fertilizers were applied to ponds. Total phosphorus
concentrations greatly exceeded concentrations of soluble inorganic
phosphorus throughout the study .
Plankton density was initially low in all ponds of the nutrition~
experiment, including the nine ponds selected for investigations of water
quality. Since clear water encourages the growth of nui sance aquatic
weeds, inorganic fertilizer was added to stimulat e phytoplankton productivity and shade underwater weeds . Phytoplankton density, as estimated by
chlorphyll concentrations, increased considerably during August and remained
high throughout most of September. It is impossible to determine whether
the increase in phytoplankton growth resulted from the two applications of
ferti lizer i n July or from nitrogen and phosphorus reaching the water from
feeds. Early in the study, feeding rates were low (0.3 l b/day on 20 Apri l
and 0.75 lb/day on 11 June) and phosphorus add itions were s l ight. Feeding
rates increased to 2.1 lbs/day on 23 July, 3.5 lbs/day on 17 September,
and finally reached a maximum of 4 .0 lbs/day in October . Therefore,
phosphorus additions in feed were quite high during the period of maximum
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phytop l ankton growth. It is assumed that the nutrients from the feeds
were instrumental in stimulating phytoplankton growth since Boyd (1973b)
found that ponds receiving applications of fish feed, but not applications of fertilizers, developed dense bloom of phytoplankton during
July, August, and September.
The increase in BOD and COD parallel ed the increase in
phytoplankton density (Fig . 4). This suggests that additions of organic
matter to the water in excrement and wasted feed do not cause as great
an oxygen demand in catfish ponds as does the production of new organic
matter by phytoplankton photosynthesis . A similar conclusion was reached
in an earlier study by Boyd (1973a). This finding does not indicate that
blooms of phytoplankton are undesirable in catfish ponds. Photosynthesis
must be sufficient to evolve enough dissolved oxygen to satisfy the oxygen
demand of the biota. Furthermore, failure to maintain relatively dense
blooms of phytoplankton result in light penetration to the bottom muds and
the deve lopment of nuisance communities of aquatic weed .
Phytoplankton blooms may become too dense in catfish ponds and cause
a variety of problems as discussed by Swingle (1968). Such blooms absorb
and reflect heat and light, resulting in shallow thermal and chemical
s tratification . Upwelling of oxygen deficient and highly polluted waters
from the hypolimnion may occur following unseasonable cool spells, cold
rains, or heavy winds . These events may lead to oxygen depletion and fish
kills.
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THREE NEW SPECIES OF PARACINETA (PROTOZOA: SUCTORIA)
FROM MOBILE BAY, ALABAMA!
E. E. Jones
Department of Biological Sciences
University of South Alabama
Mobile, Alabama 36688

ABSTRACT
Substrates (microscope slides) were immersed
in Mobile Bay for a one-week period. They were
stained with Grenacher's Borax Carmine and Lyon's
Blue. This technique has been used monthly for the
past two years to study the protozoa of the Bay.
Three new species of suctoria, Paracineta lineata
n . sp., P. meridionalis n. sp . , and P . estuarina n.
sp., are described.

Numerous previously described species of suctorian Protozoa have
been co l lected from Mobile Bay, Alabama . The population of each species
varies according to the month of the year; and geographical distribution
is unique to each parti cular species . Temporal variation appears to be
a response to temperature, whereas spatial distribution depends primarily
·On salinity and the absence of toxic chemicals.
MATERIALS AND METHODS
All of the materi al used in this research was derived from the study
of substrates (3 x 1 glass microscope slides) which were submerged i~
Mobile Bay for a period of one week, a technique similar to that used long
ago by Moebius (1883).
All preparations were fixed in Schaudinn's fluid with acetic acid
and used at room temperature. Grenacher's borax carmine was used as a
nuclear stain and alcoholic Lyon's blue served as a / counterstain. The
carmine stains the nuclei well, showing the fine granulations of the macronuclei and the dense homogeneity of the micronuclei. Lyon's Blue (synonyms,
according to Conn, 1961; Gentiana blue 6 B; aniline blue, alcohol soluble;
lThis study was supported by the Water Resources Research Institute
(Auburn University), Proj ect A-021-ALA, and by the Office of Water
Resources Research of the Department of the Interior as authorized
under the Water Resources Research Act of 1964. Special appreciation
is due Mr. James C. Warman , WRRI Director, for his criticism and
encour agement.
J . Mar. Sci. Alabama, 2(3) : 31-40
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light blue, Lyon blue; Paris blue) gives the cytopla-sm a faint blue
to purple tint and clearly differentiates gelatinous sheaths, loricae
and stalks . Lynch (1~30) mentions the pse of ca~ine/Lyon's Qlue as
an effective protozoan stain.
Family: Podophryidae Haeckel, 1866
A composite description of this family from Kahl (1934), Kudo
(1966), Calkins (1926) and Hall (1959) re~ds as follows: Loricate or
aloricate suctoria with or without stalks which possess only ~uctorial
tentacles which are not borne in clusters. Reproduction is by exogenous budding or division. Since endogenous budding is found in the
included genus Paracineta, this method should be added to the types of
reproduction found in the family.
Genus: Paracineta Collin, 1911
Kahl (1934) states that this genus is difficult to differentiate
from similar species of acinetida. He further states that reproduction
t akes place by external or semi-internal budding. The tentacles are
never found in bundles like those of Acineta, but are distributed over
the apical surface of the animal. Kudo mentions the distribution of
tentacles and differentiates the two genera primarily on the method of
repr oduction, i.e., Acineta produces internal buds only.
Paracineta lineata n. sp.
Type specimen (slide)USNM No. 24315.
This species of Paracineta is found in brackish water on both the
east and west sides of Mobile Bay in water with a temperature range of
21° - 27°C. Because of the circulatory pattern within the bay, water
along the eastern shore is generally more saline than water making its
exit from the bay along the western shore, hence, some degree of euryhal i nity can be implied in this-species.
This species consists of an individual which is spherical to oval
in shape and circular i n cross section, resting in a stalk borne lorica.
The animals range from 30-40 ~m in length and from 20- 37 ~m diameter.
Only capitate tentacles are present and these present a unique and diagnostic pattern. The tentacles are aligned meridionally in seven discontinuous rows. Beginning apically, a set of six tentacles establishes
a meridian. This is followed by a space, six more tentacles, a space
and a third set of six tentacles. Because of this unique tentacular
alignment, the species name lineata was selected .
The lorica is a clear, unsculptured capsule which completely covers
the animal and is continuous with the stalk. No line of demarcation
exists between the stalk and the lorica; the apical end of the stalk
simply expands to form a transparent covering over the entire animal.
The stalks are up to 190 ~m in length.
The stalk is attached to the substrate by a disc which is irregular
in shape. A newly settled swarmer first secretes the base then the stem.
As the upper portion of the stem is expanded to form the end of t he
lorica, the animal can be seen fitting snugly into the cup as it is
being secreted. Once the lorica is complete, the animal appears to
float in the enclosure without attachment at any point.

32

In the fixed preparation, most tentacles are seen as being
retracted and hence, lie deep to the lorica, but they are capable of
penetrating this structure and may extend to a length of 26 ~m.
The macronucleus is spherical and measures 10-14 ~m in diameter.
It is composed of fine chromatin granules which are discernible under
the high dry objective .
There is a single micronucleus composed of densely staining
chromatin. This structure lacks granulation and does not possess a
cytoplasmic "halo" typically seen in some ciliates. The micronucleus
appears to be independent of the macronucleus as its position is not
constant within the body of the animal.
A single con~ractile vacuole is present. This lies near and
slightly caudal to the macronucleus. Figure 1 shows the trophic animal.
Reproduction:
Kahl (1934) makes the statement, "Paracineta vermehrt sich n~lich
(mit Ausnahme von P. limbata, Maupas) durch aUssere oder doch semiinterne Knospenbildung." P. lineata reproduces by binary fission. The
process is shown in Figures 2 and 3. Division of the micronucleus signals the impending fission. The micronucleus of the migratory daughter
cell moves apically. The macronucleus begins fission and a cleavage
furrow forms near the equator and at an angle to it. Considerable
variation has been noted in the plane of fission. However, regardless
of the plane, the animal divides into two halves which are approximately
equal in size. A contractile vacuole forms in the migratory daughter
cell before macronuclear division is complete. Prior to departure, the
tentacles of the upper cell lose their alignment and are resorbed, the
api.c al end of the lorica ruptures leaving a half size individual in the
old lorica.
Paracineta meridionalis n . sp .

Type specimen (slide) USNM No. 24313.
This species has been found only at Choctaw P0int which is located
on the western ghore, high up in the bay. Water at this location supports numerous reportedly fresh water protozoans as well as marine
sponges . Industrial wastes and sewage are also present.
This species, like P. lineata, is characterized by rows of tentacles
aligned along a meridional axis. When seen from an apical aspect, the
animal possesses a hexamerous radial symmetry.
The body of P. meridionalis is oval in lateral aspect measuring
20-30 ~~along its long axis and slightly less in diameter. Six evenly
spaced rows of capitate tentacles are situated meridionally. The rows
begin near the basal end of the animal and stop at a distance about 1/10
of the meridian from the apex. The tentacles are 35 ~m long when extended and they penetrate the lorica. The animal is enclosed in a thin,
transparent, colorless lorica that narrows gradually to form a stalk
which is attached to the substrate by a circular plate. The stalk
averages 40 ~ in length and is without markings. Figure 4 shows a trophic animal.
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The single macronucleus is spherical, granular and measures 10 ~
in diameter. Surrounding the nucleus there is an area of cytoplasm
which stains lighter than adjacent areas. This creates a unique halo
effect. The single micronucleus is 2 ~m in diameter, homogenous in
appearance, spherical in shape and variable in position. It lacks a
halo. A single contractile vacuole is located in the basal end of the
animal near the macronucleus and caudal to it. The cytoplasm is normally finely granular, colorless and without inclusions. Following
feeding however, the cytoplasm becomes filled with small spheres some
of which show a positive reaction to nuclear stains. These undoubtedly
represent many small food vacuoles.
Reproduction:
Semi-internal ("Halbinnere" of Kormos and Kormos [1956]) budding
appears to be the method of reproduction in contrast to the fission
noted in P. lineata. In P. meridionalis a bud forms apically and
eccentrically. Though large in comparison to the parent animal, it
does not recejve half of ~he original cytoplasm as was the case in the
previously described animal. Figure 5 shows reproduction in this form.

Table 1.

Comparison of P. lineata with P. meridionalis
P. lineata

Size of body

30-40

~m

x

P. meridionalis

20-37~m

20-30~m

diameter slightly

less
Stalk and Lorica

150-230~m

70-BO~m

Macronucleus
Micronucleus

2~m

Tentacles

7 meridional rows,
each consisting of
3 sets

6 complete meridional rows

Reproduction

Binary fission

Semi-internal budding

varies in position
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2~m

varies in position

DISCUSSION
One normally expects all of the species within a genus to
demonstrate the same mode of reproduction. Even though both internal
and external budding are found in the genus, Paracineta, I have probably not helped the situation by adding two species which exhibit
neither method. Because of this, I consider my taxonomic placement
of them in the genus, Paracineta, tentative with the realization that
a specialist in the suctoria might change their taxonomic position at
a later date.
There can be little doubt but that P. lineata and P. meridionalis
are closely related. Indeed, it is possible that one evolved from the
other. Because of two physical factors within the bay, I suspect that
P. meridionalis arose from P. lineata, rather than the other way around.
P. lineata has been found in both the east and bay areas, a distance of
more than ten miles apart. The circulatory pattern in the bay is typically considered to be counterclockwise, with saline gulf water running
into the mouth of the bay then up the eastern shore. One would normally
expect microfauna to be swept from east to west rather than swimming
against a strong current in the opposite direction or surviving a 90mile trip through tortuous salinity changes if a clockwise circuit were
made .
Some consideration was given to describing these two forms as
subspecies rather than separate species, but the differences noted in
overall size, the distribution of tentacles and the different pattern
of repr oduction constitute sufficient major differences to warrant the
latter choice.
It should be mentioned that Kent (1880) shows a plate of a
hexamerous suctorian, Acineta mystacina Ehr., which superficially res embles P. meridionalis when viewed apically. But Kent 1 s plate XLVI,
40-43 shows exogenous budding and a lorica with apical fissures. There
can be little doubt that A. mystacina and P. meridionalis are separate
species.
Paracineta estuarina n. sp.
Type specimen (slide) USNM No . 24314.
Paracineta estuarina is a relatively euryhaline species. It is
distributed throughout the upper half of Mobile Bay along both the
eastern and western shores. This species consists of a solitary,
spherical animal encased in a spherical, colorless lorica which lacks
markings and is attached directly to the substrate without any indication of a stalk. The individual animals measure 40-60~m in diameter.
The cytoplasm of the cell is highly granular in appearance and contains
1- 2 contractile vacuoles. The macronucleus is typically oval in shape
and measures 20 x 12~m. Its texture appears granular. The micronuclei
are 2~m in diameter and are homogenous in character. They lack a halo
and are 1-3 in number. The lorica measures 70-lOO~m and is apparently
sticky as silt particles frequently adhere to it.
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Numerous capitate tentacles extend from all exposed surfaces of
the cell and penetrate the lorica independently . Though many lie deep
to the lorica in the fixed specimen, some are seen to extend up to 20
~m in length.
Reproduction:
Reproduction is endogenous, with the ciliated swarmer being
released within the lorica. It is not unusual to see an internal bud
forming before the preceding swarmer has made its way out of the lorica.
Indeed, as many as four young individuals may be seen w1thin the parent
lorica at one time.
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EXPLANATION OF FIGURES
(camera lucida drawings)

Fig. 1

Trophic P. lineata.

Fig. 2-3

Reproductive stages of P. lineata.

Fig. 4

Trophic P. meridionalis.

Fig. 5

Reproductive stage showing large semi-internal bud in
P. meridionalis.

Fig. 6

P. estuarina showing endogenous bud. Cv., contractile
vacuole ; Ma., macronucleus; Mi., micronucleus.
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NEW SPECIES OF PROTOZOA FROM
MOBILE BAY, ALABAMAl
E. E. Jones
~d

Goronwy Owen, III
Department of Biological Sciences
University of South Alabama
Mobile, Alabama 36688

INTRODUCTION
Mobile Bay is the third largest drainage basin in the country.
Salt water from the Gulf of Mexico enters the mouth of the bay and flows
upward along the eastern shore where it mixes with the fresh water from
the nine rivers which drain into the bay. The flow pattern is counterclockwise so that the water along the western shore is less saline than
that of the eastern shore. More than two hundred and fifty free-living
species of protozoa have been identified in the bay. This paper concerns
four new and undescribed species which were collected there.
MATERIALS AND METHODS
Several collection methods were utilized in this research. The
primary method was the use of substrates (3xl microscope slides) which
were submerged in Mobile Bay for a period of one week each month for 24
consecutive months. Some of the slides were studied in the living condition and subcultures were made of new species. Other slides were fixed
~d stained ~d were cataloged in our collection of protozoan types from
Mobile Bay. In addition to substrates, r~dom sand samples, bottom
samples, ~d plankton tows were studied.
We found Schaudinn's fluid with acetic acid to be the fixative of
choice. This was used regardless of the stain procedure which followed.
Grenacher's Borax Carmine followed by alcoholic Lyon's blue proved to be
the most practical stain for general study of all protozo~ species.
When a silver technique was desirable for the study of basal bodies ~d
fibrillar networks in hypotrichs, we employed the protargol technique
described by Kirby (1945). Protargol from both France and Germany was
used. The French preparation, Proteinate D'Argent from Establissements
Roques, Paris, gave slightly better results th~ the German preparation
from Schmid &Co., Stuttgart-Unterurkheim.
lusDI Office of Water Resources Research support through the Water
Resources Research Institute at Auburn University (Project A-021-ALA)
is gratefully acknowledged with special appreciation to Mr. James C.
Warman, Director.
J. Mar. Sci. Alabama, 2(3):41-56
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Class : Actinopodea
Subclass : Heliozoia
Order: Centrohelida
Family: Acanthocystidae
Cienkowskya arborescens n. sp.
Type Specimen (Slide USNM No. 24318.
The order, Centrohelida, according to Honigberg et al (1964)
embraces heliozoa which typically possess a skeleton of siliceous
plates or spines. A central granule is also present .
Cienkowsky described Wagneria mereschkowskyi in 1881. This genus
was changed to Cienkowskya by Schaudinn in 1896 and he included the
following description of the genus. Body shape, spherical; endoplasm
and ectoplasm not clearly differentiated; nucleus not observed; contrac~
tile vacuole absent; pseudopodia delicate, sparse and extend from all
sides; thick gelatinous capsule covered with thin , bent, siliceous
particles; cyst spherical. And he lists the body diameter as being 30
~' capsule thickness 12 ~m with a stem length of 45 ~m; habitat, marine.
Penard (1904) included w. mereschowskyi in his list of marine
heliozoa. The morphology and reproduction of c. mereschkowskyi was
described by Villeneuve in 1937. This author describes the spicules as
being spindle-shaped and randomly distributed over the capsule. There
is a central granule from which the axonemes originate. The nucleus is
basal, eccentric in position and contains an endosome.
c. arborescens has been found at the mouth of Mobile Bay and is
distributed three fourths of the way up the western shore. This species
is able to adapt to the relatively fresh water of the upper bay as well
as the saline Gulf water. It should be considered euryhaline .
Only very young specimens are found in the solitary condition . This
species forrus colonies which, in the stained condition, are large enough
to be seen with the naked eye. Colonies are attached to the substrate by
a single stalk which branches many times, producing a tree-like colony up
to 300 ~m tall. Because of the tree-like appearance, the species name
arborescens was selected. Each colony is composed of from 3 to over 100
individuals. Figure 1 shows a portion of a colony drawn from life. The
stalks are flexible, but noncontractile. They appear to lack internal
structures and are usually covered with fine particles of silt and spicules which have been shed from the individual amoebae. Colonies attach
not only to solid substrates, but also may be found on the stalks and
bodies of suctoria. Each individual in the colony is usually spherical.
Some individuals appear lenticular with two opposing vertical sides
slightly convex. Each animal is about 20 ~m in diameter and it lies
encased in a gelatinous globe which is 27-30 ~m in diameter, and to which
numerous siliceous spicules adhere. Under phase contrast, it is possible
t o observe the spicules being formed in the cytoplasm of the animal where
they are extruded from the cell and become part of the envelope. Numerous
axopods extend through the envelope and attain a length of up to 30 ~m.
In the living condition, minute globules of ectoplasm may be seen moving
in and out along the axial core of the axopods. Villeneuve (1937) made
the following statement regarding c. mereschowskyi. "Les axopods sont
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Fig .1

Fig.2

Fig. 1

Cienkowskya arborescens showing the arborescent arrangement.

Drawn from life.
Fi g. 2

c.

arborescens, carmine/Lyon's blue preparation. Camera
lucida. Cg, central granule; Nu, nucleus; Sp, spicules .
43

tres fins, lisses et nombreux; leur longueur est egale a une fois et
demi le diametre du corps." Our phase contrast observations of this
species in the living condition also show the axopods to possess
minute globules of protoplasm which travel back and forth along their
length. The axopods measured up to 105 ~m in length. Villeneuve
probably did not have access to a phase contrast microscope and, hence,
was unable to resolve the finer details of the axopods. Both species
appear to feed on bacteria and small diatoms.
In the stained condition, a "central granule" can be seen with
radiating lines directed toward the bases of the axopods. Dobell (1917)
coined the work centroplast as a preferable synonym for central granule
and described the morphology and function of this organelle in detail.
He mentions the lack of intense staining of this structure using a carmine stain. We find this to be true, but it can be seen under phase
contrast oil immersion when stained by this method. The nucleus of
c. arborescens is oval in shape, measures 5 x 7 ~m and contains a large
oval endosome. This is consistent with the nuclear pattern described
by Villeneuve for c. mereschkowskyi. Figure 2 shows the morphology of
a single stained animal.
The life cycle of this species is presently under investigation.
Class: Ciliatea
Subclass: Holotrichia
Order: Gymnostomatida
Family: Enchelyidae (Syns. Holophryidae. Stephanopogonidae (for Belaridae)
Stephanopogon mobilensis n. sp.
Type Specimen (slide) USNM No. 24319.
The genus Stephanopogon was established by Entz in 1884. Kahl (1932)
and Hall (1959) place this genus in the family Holophryidae, Corliss (1961)
places it in the Enchelyidae with the suggestion that the family
Stephanopogonidae might well be separated off from the family Holophryidae.
He gives a characterization for the new family he proposes .
Three species of this genus are to be found in the literature. The
absence or presence of a circumoral membrane (Borror, 1965, calls it the
beard) and the number of cusps it bears is of taxonomic importance in the
species differentiation of this genus.
Stephanopogon colpoda Entz, 1884

Kahl (1930 and 1935) gives the basic morphological description of
this species and lists 50-70 ~m as the size range. Dragesco (1963) confirms most of Kahl's observations and lists the size range as 60-90 ~m.
This author gives a detailed description of the two homokaryote, vesicular nuclei. He states that the ventral ciliation consists of 12-14
kineties.
Though this species has not been collected from Mobile Bay, we have
collected it on substrates at Grand Cayman Island in the Bahamas with
the help of Miss Lynn Hunt. Two varieties of this species were collected
and appear to occur in equal numbers in the population. We have found a
small variety which is 16-24 ~m in length and a large variety which measures 27-40 ~m. With the exception of size range and proportionately
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Fig. 3

Stephanopogon colpoda, dorsal aspect of specimen collected

from Grand Cayman Island, Bahamas .
Fig. 4

s.

Camera lucida.

Colpoda, lateral aspect showing cytopharynx and ventral

cusp.
Fig. 5

s.

mesnili , redrawn from Dragesco (1963) to our scale.

Fig. 6

s.

apogon , redrawn from Borror (1965) to our scale.

Fig. 7

s.

mobilensis, dorsal aspect of stained specimen.

Camera

lucida.
Fig . 8

s.

Fig . 9

s. mobilensis, lateral aspect showing the relationship of
the dorsal and ventral cytostomal cusps .

mobilensis, ventral aspect showing 8 kineties.
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smaller nuclei, these animals fit the description given by Dragesco.
Figure 3 shows the larger variety in dorsal aspect. The dors a l l_p
of the cyt os~ome is rounded and thickened; the ventral lip i s t r icuspid. Figure 4 shows the cytostome and cytopharynx in l ateral
aspect.

s.

mes nili Lwoff, 1936

Kahl (1930) fails to give the size range for this species , but
list the cyst as being 40-45 ~m in diameter. Dragesco (1963) gi ves
40-70 ~m as the size with 12 ventral kineties which possess l arge
kinetos omes. He describes an anterially situated contractile vacuole
and a cytostome which is smooth dorsally and bears four poor ly defined
cusps ventrally. The nuclea~ pattern is essentially the s ame a s s.
colpoda. Figure 5 is redrawn from Dragesco to our sca le i n order to
show relative size.

s.

apogon Borror, 1965

This species was collected by Borror from a tidal marsh in New
Hampshire. It characteristically lacks cusps on the ventral l ip of
the cytostome and averages 40 ~m in length. Figure 6 is r edr awn from
Borror to our scale.

s.

mobil ensis

Thi s species possesses the same general appearance as s . colpoda
and s. mesnili, i.e., it is flask-shaped with a flat ventral surface
and a convex dorsal surface.
Twenty five animals were measured and were found t o range 19-25 ~m
in length by 15 ~m in width. The body is drawn out anteriorally into
a short neck which terminates in five distinct cusps. Two of t he cusps
are situated dorsally, two cusps ~re ventro-lateral and t he fifth cusp
marks the midline of the ventral surface. Figures 7 and 8 show dorsal
and ventral aspects of the cusps.
Ciliation is restricted to the ventral surface. The eight rows
of cilia begin in the middle of the neck and are continuous to the
posterior en~ of the animal. Figure 8 shows the ventral c i liary pattern.
Three long cilia protrude from both sides of the neck. These are shown
in Figure 7 and may be seen in lateral aspect, Figure 9.
Two to three small vesicular nuclei with endosomes are present in
this spec i es. The nuclei are 2-3 ~m in diameter and are arranged at
random in the cytoplasm. Our carmine technic stained them well but
study under phase contrast was resorted to because of t heir small size.
Numerous carmine-positive bodies ranging from 0.2-0.5 ~m were present
in the cytoplasm. These were not considered to be mi cronuc lei because
of t heir number and their size variation.
This species has two contractile vacuoles which ar e l ocated at
the posterior end of the animal.
s. mobilensis has been found in only one location i n the bay and
then only during the month of November 1971 . It was found at the
intracoastal waterway marker 237 which is located at the extreme south-
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eastern end of the bay. Practically pure gulf water is to be found at
this location, hence, this species should probably be considered marine
rather than estuarine. EQ~h of the substrate slides studied from the
November, 237 site revealed more than a hundred specimens. On the basis
of this phenomenon, we feel that this species was successful and active ly multiplying in th~s habitat at least for a limited period of time.
Thus, our findings do not represent a species which had been washed in
from the gulf only to perish in a few hours.
Unfortunately, we have observed this species only in the fixed,
stained condition, and hence, are unable to describe its movements.
Food vacuoles, when present, always contain small diatoms. This choice
of food is consistent with the observations of Entz, Lwoff, Kahl and
Dragesco, regarding s. colpoda and s. mesnili. Borror made no mention
of the food preference shown by s. apogon.
Of the species possessing cusps, s. mobilensis may be
differentiated from s. colpoda and s. mesnili by its smaller size and
the presence of five cusps surrounding the cytostome.

CHART 1
DIFFERENTIAL SPECIES CHARACTERISTICS WITHIN THE GENUS STEPHANOPOGON.
Species

Size

Nuclei

Cytostomal Cusps

Contractile Vac.

s.

apogon

21-50

~m

2-6

Absent

1 caudal

s.

col poda

50-90

~m

2

3

1

s.

mesnili

40-70

~m

2

4 ventral

1 anterior

s.

mobilensis

19-25

~m

2-3

2 dorsal/3 ventral

2

ventral

caudal

caudal

Class: Rhizopodea
Order: Foraminiferida
Family: Allogromiidae
Microgromia biportalis n . sp.

Type specimen (slide) in type slide collection at the University of
South Alabama.
Penard (1902) established the genus Microgromia and described two
species. M. elegantula possesses an igloo-shaped test with a collar
which surrounds the single opening. The size range for this species is
20-25 ~m. M. levipes is similar to the preceeding species, but lacks a
collar and is 15-18 ~m in diameter.
Valkanov (1930) investigated the morphology and gives a detailed
description of the division of M. elegantula. Though neither investi-
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gator mentioned his methods for collection of Microgromia, it is
almost certain that these animals were collected by allowing them
to settle on substrates. These minute animals pass through the
fine st sieves normally used to separate foraminifera from mud or
sand. Since the tests are firmly attached to some solid substrate
they cannot be separated by the perchlorethane method. For this
reason investigators who have studied the foraminifera of Mobile Bay
have not collected M. biportalis.
M. biportalis has been collected only from substrates (slides)
which have been allowed to remain immersed for 1-2 weeks in Mobile
Bay. This species possesses a clear, igloo-shaped test which is
8-12 ~m in diameter. There are two openings to the test, each with
a co llar, hence, the species name, biportalis. The test is hemispherical in side view and the openings are always 180° apart.
There is a single 1. 5 ~m vesicular nucleus which contains a 1 ~m
endosome. The cytoplasm is finely granular and contains numerous
vacuoles . . The pseudopodia anastomose from a short peduncle. For
the most part, these animals are solitary and rarely occur in groups.
They are bacteria feeders. Numerous specimens of this species have
been collected from Choctaw Point during the summer months. The
species should be considered estuarine. Figure 15 shows the morphology of a stained specimen.
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Fig.lO

Euplotes nana, ventral aspect of stained specimen .

Camera

lucida.
Fig.ll

E. nana, ventral aspect showing AZM and cirral pattern,
diagramatic.

Fig.l2

E. nana, dorsal aspect showing kineties, diagramatic.

Fig.l3

E. nana, sketch made from a protargol preparation showing
reticular pattern of dorsal sUI·face.

Fig.l4

E. nana, optical cross section made at point A-A of Fig. 11,
diagramatic.

Fig.lS

Microgromia biportalis, drawn from stained specimen.

lucida.
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Camera

A-

Fig .11

Fi g .1 0

Fig.13

I

Fi 9 .1 2

101Jm

F i g.14

Fig.15
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THE NEUROEMBRYOLOGICAL DEVELOPMENT OF
THE TELENCEPHALON IN THE MARINE
CATFISH, ARIUS FELIS
George C. Morgan, Jr.
Department of Anatomy
University of South Florida
Tampa, Florida 33620

ABSTRACT
The Alabama region of Mississippi Sound was
sampled during June, July and August of 1970-1971
for incubating marine catfish, Arius felis. Field
data for these collections, a method for laboratory rearing of the embryonic material , and a
description of the growth rate and gross appearance of the embryonic fish are presented and
correlated . On the basis of these data a pattern
of movement of the marine catfish within Mississippi Sound during incubation is suggested.
INTRODUCTION
The marine catfish, Arius felis, is a common teleost which
ranges from Cape Cod to the Gulf of Mexico (Jordan and Evermann,l896).
The Order Siluriformes to which Arius belongs consists of some 30
famil ies and 2000 species (Greenwood, Rosen, Weitzmann and Meyers,
1966). The marine carfish can be distinguished primarily on the basis
of its scaleless skin and three pairs of barbels (maxillary barbels
almost as long as the head). The dorsal and pectoral f ins each possess a stout, pungent, serrate spine. The body is elongate and tapered
and the head is relatively flat. The teeth are villiform and the
caudal fin is rather deeply indented, although not as deeply as that of
the closely related gafftopsail catfish. Arius is colored slate gray
on its dorsal and lateral surface and is cream to white on its ventral
surface (Mansuetti and Hardy, 1967; Jordan and Evermann, 1896).
The natural history of the marine catfish has been studied by
numerous investigators. Henshall (1895) and Gunter (1947) have collected samples from fresh water, where Hubbs (1936) has found the marine
catfish in saline water with a concentration of 60 parts per mille.
Arius adults have been collected from depths up to 90 feet (Lee, 1937).
According to Gunter (1947), Ward (1957) and others these fish enter
estuarine habitats (from the northern Gulf of Mexico) during March,
April and May and return to the Gulf during November and December.
J. Mar. Sci . Alabama, 2(3):57-94
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However, Gunter and Hall (1965) reported significant collections of
Arius from the Caloosahatchee estuary during all seasons, indicating

that these fish do not disperse into the Gulf during the winter months
in southern Florida. In 1972, in a study of the shallow waters of the
Gulf of Mexico off of the Mississippi coast, Franks et al (1972) noted
that these species become widely scattered during the winter months.
Perhaps the most interesting aspect of the natural history of the
marine catfish is the practice of oral incubation, a phenomenon whereby
the male of the species carries the young in its mouth from shqrtly
after fertilization to well after hatching. Luptin, in 1889, first
observed this practice and it has since been confirmed by, among others,
Gudger (1916), Lee (1931, 1937), Merriman (1940), Gunter (1947) and
Ward (1957). Also remarkable is the size of the eggs which are reported to be as large as 19 millimeters in the ripened state (Merriman,
1940). These are among the largest eggs known for teleosts.
In spite of the abundance of studies performed on the marine
catfish, the spawning and other reproductive behaviour of this animal
has remained obscure. Lee (1937), Gudger (1916) and Merriman (1940)
have noted the large, "··· fleshy, hook-like protuberances on the adaxial surface of the pelvic fin of the female." The size of these
appendages is variable, becoming quite large as the spawning season
approaches and reduced thereafter. Lee (1937) and Gunter (1947) have
postulated that these appendages (which when approximated medially from
a trough) are utilized by the females to hold the eggs for fertilization
after which they would be taken into the male's mouth. Other observers
(Stearns, according to Gunter, 1947) believed that the eggs were depos ited in a sandy depression, fertilized, and then picked up by the male.
Gunter refutes this possibility on the basis of the strong adhesive
found on the eggs at the time of extrusion which would cause them t o
become covered with a thick film of sand at t he time of spa\ming.
The habitat in which these fish spawn remai ns unknown. Gunter
(1947) reported that in June of 1946 a number of Arius of both sexes
were taken by trammel net in turbid, low salinity (13 parts per mille)
water at the lower mouth of Mission Bay, Texas. He assumed that these
fish had been caught in the act of spawning. Gunter based this on the
readiness with which the eggs could be stripped from the female, the
presence of a micropyle and the hemorrhagic appearance of the cloaca.
He revised his earlier opinion that the fish spawn only near the Gulf in
this region to include the less brackish backwater bays as well. Neither
Lee nor Gunter found any spawning or incubating fish in the full saline
waters of the Gulf.
The spawning season for the marine catfish along the northern Gulf
coast has been reported to run as long as from the first week in May to
the first week in August (Ward, 1957), but the males were sexually
functional from the first of March to the first of July. This investigator also noted that fifteen males taken in the third week of June
showed enlarged mouths and hyoid regions but carried no young. On this
basis he postulated that these structures enlarge prior to the act of
spawning.
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The t ime period during which the young remain in the males mouth
is said to range from 60 to 80 days . Gunter postulated that the male
i s able to go without feed i ng for this length of time because it is
f urnished nourishment by the small, nonfunctional ova which are extruded
by the female during spawning. He believed that it is probable that the
eggs are ingested at the same time that the male acquires the fertilized
ova, although the mechanics of this phenomenon remain unexplained.
The following data were obtained from collections made during June,
July and August of 1969-1971 . The animals were collected for the primary purpose of investigating the development of the telencephalon in a
bony fish. The data presented in this paper will aid future investigators in the collection of these fishes and in their utilization for
laboratory study.

AREA COLLECTED
The region from which the material utilized in this investigation
was taken was limit ed to Mississippi Sound - from the lower reaches of
the western side of Mobile Bay westward to waters immediately north of
Petit Bois Island. This area is bordered on the north by the Alabama
coastline and on the south by Dauphin Island , Dauphin Island-Petit Bois
Island Pass, and Petit Bois Island (Fig. 1).
This region is by definition an estuary and as such its physical
characteris tics are quite inconstant. According to McPhearson (1970)
t he Alabama portion of the Mississippi Sound covers an area of 146.2
square miles and has an average depth of' 9.2 feet, with a maximum depth
of 20 feet at the Petit Bois Pass . Salinity is quite variable in this
est uary , ranging from 0 to 34 or 35 parts per thousand. The salinity of
the Mississippi Sound in the area investigated gradually increases from
east to west due to the influenee of the river inputs into Mobile Bay
and the east t o west current flow along t he sound . This salinity varies
s easonally and is inversely proportional to river runoff, although yeart o-year variations in runoff would produce f luctuations in the "average
r esults" reported for a given year. McPhearson (1970) also notes that
the effect of runoff is reduc ed in di rect proportion to the distance of
the area considered from the effluent ~ource and that the surface
s alinities ar e affected to a greater degree than are the bottom
salinities.
The shoal waters of this estuary are a lso quite susceptible to
seasonal temperature change and as such have been demonstrated to vary
directly with atmospheric temperature (McPhearson, 1970). The average
water temperature in Mississippi Sound reaches a plateau in June, July and
August,and decreases to a low during the cold winter months . Importantly,
he found "No significant east-west variat ions in either the bay or t he
sound •• • " North-sout h variation was only on the magnitude of one degree
centigrade with the higher temperature in the south.
Turbidity plays an important role in the natural history of estuarine
organisms by affect i ng photosynthetic production, contamination of breeding grounds (such as oyster beds) , availability of detritus for food, and
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Figure 1.

Local ity Map of the Mississippi Sound.

by the contamination of the gills of susceptible species. McPhearson
(1970) reported a basic transparency-turbidity pattern in Mobile Bay
and Mississippi Sound and concluded that 1) the turbidity of this area
is a function of the influx of silt from fresh water drainage and,
therefore, seasonal variations in turbidity are consequently a function
of silt-bearing, freshwater influx. He further reported that turbidity
in Mississippi Sound is higher on the northern side than on the southern
side and that turbidity decreases east to west.
The region from which the material used in this study was collected
thus encompasses a wide range of habitat types . Samples were taken from
transects established at varying points in the sound to vary as greatly
as possible the salinity, temperature, turbidity and bottom types which
are present in an infinite number of combinations. The reader is referred to McPhearson's (1970) hydrographic study of this area for more
detailed data.
SAMPLING AND TECHNICAL PROCEDURES
Sampling Stations
Because of the sampling methods utilized (see below) specific
transects as such were not established. However, by the use of landmarks, navigational aids and a recording fathometer, generalized regions
were defined which could be approximated at a given time. Placement of
these stations was so designed as to sample as many diverse habitats as
possible under the limitations of time and distance (Fig. 2).
The conditions sampled ranged from low salinity, shoal, highly
turbid water (e.g., "M.I." 1, Fig. 2) to relat ively clear, high salinity,
deep waters (e.g. , "S. I." 1 and 2, Fig. 2) . Also, the establishment of
sampling stations for the period for which the data were tabulated was
based upon previous collecting experience in the area which, over a long
interval of time, had yielded few catfish from regions of the Mississippi
Sound which were removed from land masses either shore or insular. In
addition, several samples were taken from waters south of the barrier
islands in the Gulf of Mexico although , as Lee (1937) and Gunter (1947)
noted, these fish are probably limited to an estuarine environment for
spawning .
A survey of the bottom type, flora and fauna for each transect is
included with a presentation of the tabulated data for each station.
Hydrographic data for each region sampled were obtained from McPhearson's
study (1970) with the exception of that for Petit Bois Island, which was
obtained by personal communication from that author (unpublished data).
Sampling Methods and Technical Procedures
The laboratory space, vessels and equipment for this investigation
were made available through the University of Alabama Marine Sciences
Institute. The majority of the collecting was accomplished by the use
of an otter trawl, of which both 16-foot and 24-foot sizes were used.
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Trawl runs were generally made for a duration of 10 minutes after
s etting the net in order to prevent the captured male catfishes from
expelling the eggs as a result of collection trauma. On one occasion
a 600- foot beach seine was employed, and for shallow water collections
a cast net was utilized .
Bottom samples were obtained by the use of a clamshell dredge.
Bottom type was often determined from fathometer tracings, direct
observations, or from available charts .
Hydrographic data was i n general bas ed upon the work of McPhearson
(1970) , although random wat er samples (surfac e) were taken at the t ime
of collection of the embryonic material . Salinity determination was by
the Mohr Silver Nitrate Method (Collier Modification). Water depth for
each s ample was determined by a recording depth met er.
Only the catfish conta ined i n a given trawl sample were counted
and studied, although the other species types collected were recorded .
The catfish taken in each sample were sexed and examined for gr avid or
incubating specimens . Thos e collected i n the majority of t he samples
were measured if they exceeded five inches but were not if smal ler
since the immatur e fish apparently do not participate in the spawning .
Random samples of gravid female s were returned t o t he l abor at ory
where they were measured and di ssected. The number of ripe ova were
recorded and the size range of the ova for each f ema l e was determi ned .
Embryonic specimens were returned t o t he l aboratory and i ncubated ,
except for one embryo from each group obtai ned which was sacrificed
shor tly after cap ture t o determine the approximate development al st age
at the time of capture.
The embr yonic mat er ial was preser ved in either Boui ns fixat ive or
ammoniacal a lcohol (1 part 28% ammoni um hydr oxide and 99 part s 100%
ethyl alcohol). Unhat ched spec imens were extruded in the l iving condi tion di rectly int o one of t he-above so l ut ions after an inc i sion had
been placed i n the chorion di r ectly over t he embryo. Hat ched fish
(hereafter referred to as j uveni le specimens) were cooled on ice unti l
immobile , the s kull roo f was removed, and the animal was then immersed
i n the appropriate fixat i ve.
The marine catfi s h embryo is di fficult to measur e because of t he
extreme torsion of t he l ater stages . However, lengths were approxi mated
by photographing each individual specimen alongside a mi l limeter scal e
and then determini ng the length from the photogr aph. The specified
lengths are for the specimens fix ed i n Bouin ' s f l uid and dehydr ated
t hr ough a series of graded al cohols up to a 70% so lution (70 parts
alcohol and 30 part s dist il l ed water). Thus t he specified l engths in
this study are not exactly t he same as the in vivo l engths of the
descr ibed s t ages .
Sample Distribution
The number of sampl es which cou l d be taken on a given day were
l i mited by a number of factor s, inc luding time , di stance t o t he st at i on,
weather condit i ons, and equipment availabilit y . The chronological and
spatial distribution of samples is given in (Table 1).
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Tabl e 1.
AREA

Petit Bois
Island

Dauphin
Island

Sample Distr ibut ion for 1971.

Petit Bois
Pass

Marsh
I sland

Cat
Island

Coff ee
Island

Sand
Is l and

Snake
Bayou

(number of t r awl sampl es t aken/day)
DATE
6/9

2

1

1

0

0

0

0

0

6/11

0

4

0

0

0

2

2

0

6/ 14

0

3*

0

0

0

0

0

0

6/16

0

4

0

0

0

0

0

0

6/ 21

0

3

1

0

0

0

0

1**

6/23

0

0

0

0

0

3

0

0

6/25

3

2

2

0

0

2

0

0

6/ 30

5

0

0

0

0

1

0

0

7/5

0

0

0

0

0

4

0

0

7/12

0

0

0

0

0

2

0

0

7/13

3

1

2

0

0

0

0

0

7/19

0

0

0

4

0

0

0

0

* sample taken with a cast net
** sample taken with a 600' beach s eine

o::t
'Ci

COLLECfiON DATA
General
The following characterizes the habitat and the condition of the
marine catfishes taken from each station, primarily during the summer
months of 1971. Data from 1969 and 1970 are included only if exact
records were available, although it should be noted that during these
earlier two years such i nformat ion was not tabulated unless embryonic
material was captured.
Dauphin Island
The region of Mississippi Sound lying immediately north of Dauphin
Island is characterized by a narrow, insular shelf which inclines abruptly several hundred yards offshore from a depth of 3 to 4 feet to a depth
of from 12 to 16 feet, where the bottom again becomes fairly level.
Bottom type is typically sandy, with some mud and limited flora.
According to McPhearson (1970), bottom salinities in Mississippi
Sound May and June (1965-66) were 24.4 °/oo at station 2 of 5 .5-foot
depth located inside of Dauphin Island about 3 miles east of the western
end of the island, and 24.8 at station 3 of 16.5-foot depth located due
north of Petit Bois Pass about midway between the west end of Dauphin
Island and Grand Batture Islands .
For July and August the bottom salinities at station 2 were 29.4 and
30.8 Ofoo; at station 3 they were 30.8 and 31.1 Ofoo.
Surface salinities for these stations were all approximately equivalent to their respective bottom salinities, all being within ± 1 °/oo.
Surface temperatures for the s ame stations (1965-66) in June ~ July and
August ranged from 28.3°C at 5r5-foot station 2 in June to 31.2°C at the
same station in August. Bottom temperatures ranged f rom 27 .2°C in June
to 30.4°C in August at the 5.5-foot depth station 2 and f rom 27 .2°C
(June) to 30.0°C (July) to 29.6°C (August) at t he 16.5- f oot station 3.
These general wat ers were extensively sampled over a three-year
period (1969-1971). Most numerical data were only recorded in June, July
and August of 1971 .
On June 9, 1971, a single (24 -foot otter trawl) drag paralleling the
western tip of the north side of Dauphin Island ("D . I . " 7) in water ranging from 16 to 18 feet in depth netted one large male, 11 immature specimens and no females. No embryonic material was collected.
Two days later (June 11, 1971) four trawling efforts were made.
The initial one covered approximately one-half mile in the channel of the
Gulf Intracoastal Waterway from the east tip of Dauphin Island westward
to the Dauphin Island Drawbridge ("D.I." 1). Only two immature marine
catfish were taken . Bottom in this area consists of adjacent oyster
reefs, sand, and spoil banks. The depth of the water averaged approximately 9 feet. The second effort, which was approximately one-half mile
west of the Heron Bay area ("D.I." 2) produced 12 large females ranging
from 7 to 12 inches in fork length and 15 juveniles ranging from 4 to 6
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inches in fork length. The females were all gravid, although the
enlarged ova ranged from 5 to 10 millimeters in diameter only. The
eggs numbered from 18 in the seven-inch female to 65 in the 12-inch
female, for an average of 25 eggs per fish.
Subsequent to the capture of these specimens collections were
made further westward along an east to west line following the same
approximate bottom type and depth ("D.I." 4 and 6). Both attempts
netted collectively 12 large (9 3/4-inch average) gravid females and
one large male, as well as numerous immature specimens. Again, no
embryonic material was found and the males did not have an enlarged
hyoid region.
Significantly, each of the three aforementioned samples were
localized over bottom areas immediately adjacent to, on, or just
beyond the insular · slope described previously. Position was established through the use of a recording depth indicator.
The same basic area and bottom type were sampled again three
days (6/14), 5 days (6/ 16), 10 days (6/21), 14 days (6/25) and 19 days
(6/30) subsequent to the initial collection. In the first instance the
re~ults in general conformed to those described for June 11.
Specifically, ten large, gravid females with large pelvic fin appendages and
12 immature specimens were taken in a single trawl run of fifteen
minutes duration. On June 16, however, four samples taken from this
region contained only three large, gravid female catfish, two large
males (neither of which had an enlarged hyoid pouch) and eighty-five
immature specimens. One of the females had a hemorrhagic cloacal
region as described by Gunter (1947) and Ward (1957) and was easily
stripped of a large number of eggs.
On June 21 the slope area was again sampled from approximately
the midpoint of Dauphin Island to its western tip ("D. I." 5, 6, and 7).
On thi s occasion no marine catfish of any type were obtained. However,
one trawl sample ("D. I." 6) produced a cluster of 29 large, greenish
eggs. The eggs were tightly adherent to each other and were of equal
size (14 millimeters) . They were returned to the laboratory and incubated, but appeared not to have been fertilized. Further sampling
on June 25 and June 30 also failed to produce any marine catfish
whatsoever. This region was not sampled thereafter until July 13 when
12 large, spent females were collected at "D.I." 7. On the last three
collecting trips described a much wider region was covered both to the
north and to the south of the insular slope, as well as along the slope
itself.
Petit Bois Island
The area of water lying north of the eastern end and middle of
Petit Bois Island is characteristical ly less turbid and more saline
than the rest of the Mississippi Sound investigated. McPhearson reported average bottom salinities for these waters as 25.4, 25.0, and 26.8
parts per thousand for the months of June, July and August, respectively .
Bottom temperatures for the corresponding waters averaged 27.50C in June,
32 .6°C in July, and 31.5°C in August. The bottom consists almost en-
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tirely of white sand and several bars are present. Bottom flora is quite
abundant but it occurs in patches such that alternating areas of bare
sand and grass patches were covered in any trawl run conducted. The fish
population is decidedly distinct from that in the other regions sampled.
Specifically, the bottom catches usually included the genera
Chaetodipterus, Chylomycterus, Anchoa, Cynoscion , Hemipteronotus,
Prionotus and Aluterus, as well as the assorted carangids and serranids

which are found in high salinity environments only. On the other hand,
the more turbid and less saline areas of the sound yielded high catches
of Micropogon, Cynoscion, Anchoa, Trichiurus and Menticirrhus. The Petit
Bois habitat thus differed remarkably from the majority of the other
habitats sampled in the course of thi s study. Water depths sampled
ranged from 4 to 20 feet .
In 1970, transects "P.B . " 1 and 2 were sampled frequently during
June and early July, although population data were not recorded for
indi~idual efforts.
On June 22, 1970, however, two adult males which were
taken from "P. B." 1 carried twenty-one embryos 4 millimeters in length and
fourteen embryos which measured 5 millimeters . No other embryonic material
was collected from this area during 1970, in spite of additional efforts.
Sampling of these waters in 1971 was initiated on June 9. The first
sample, which was collected in water averaging 8 feet in depth, produced no
marine catfish, although numerous other species were netted. The second
sample, which was taken farther westward in water averaging 21 feet in depth,
produced one large, gravid female, three immature specimens and only a few
other assorted species. A lG'.rge quantity of bottom flora was also recovered
in the net. Three additional samples were taken from the same general area,
but no marine catfish were included in them. Collecting efforts were made
in the same area on June 14, 1971 , but this time yielded only immature fish,
with no large males or females captured.
The Petit Bois Island regien was not sampled again until June 25, 1971.
On this particular day, sample runs conducted parallel to and north of Isle
aux Herbes (Coffee Island), along previously collected areas of Dauphin
Island, and in the Petit Bois Island Pass produced no catfish whatsoever.
However, two subsequent trawl runs in Petit Bois transects 1 and 2 produced
eleven large males (9 to 11 inches fork length), six large, gravid females,
one spent female, twenty immature specimens and ninety-nine embryos. The
embryonic fish were removed from the male hosts, placed in segregated compartments and transferred to the laboratory. Those eggs which had been
expelled by the male fish after release from the net were sorted by microscopic examination and placed with the previous ly segregated, corresponding
groups. The smallest embryos (3 millimeter gastrula stage) numbered 18 and
had been carried by a nine-inch male. Two groups of embryos taken from
8 1/2-inch males measured 6.3 and 6.5 millimeters, and were carried in
clutches of 15 and 14 eggs, respectively. The fourth group consisted of 25
specimens which were taken from a nine-inch male. These embryos measured
9.3 millimeters in fixed length. The gravid females together carried 49
ova ranging from 7 to 10 millimeters in diameter.
The same region from which these samples were collected was sampled
intensively five days later. However, only one spent female and one nineinch male, which carried 17 embryos, were collected in addition to the
numerous immature specimens. These .embryos measured 10.8 millimeters in
fixed length.
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On Jul y 6, 1971, intensive sampling yielded only one immature
specimen and one spent female. Furthermore , the population of all
species in this area appeared to be greatly diminished .
Seven days later, on July 13, a number of trawl runs in this
same region produced one 9 1/4-inch male which carried 22 eggs.
These embryos measured 10.0 millimeters in length.
The Petit Bois Island waters were not sampled again until August
24, 1972 , at which time no embryonic specimens , large males, or gravid
females were obtained. However, during the first week of August of the
same year Mr. Homer Schjott, Vesse l Operator for the Mari ne Sciences
Insti tute, reported that in one trawl sample in the same area he had
obtained an extremely large number of Arius felis and that a substantial
number of them were carrying eggs. No attempt was made to quantitate
this material or to preserve any of the embryonic catfish, although
Mr . Schjott characterized the embryos as being "fairly small".
Snake Bayou
Snake Bayou is a small inlet extending northwestward from Bayou La
Batre. Salinity and temperature data are unavailable for the waters
sampled, but probably varies greatly in salinity in proportion to the
freshwater influx and tidal flow. The bottom consists of thick, black
mud and the water is extremely opaque.
The specimens taken from Snake Bayou were obtained from around the
pier of a seafood processing plant by use of a cast net. This method
was feasible because of the heavy concentration of marine catfish which
were feeding on the refuse (primarily shrimp heads) dumped directly into
the water ·at that point.
Seventeen marine catfish were collected from this region on June 21,
1971. All specimens ranged from 8 to 11 inches in fork length, and al l
were male. Gut dissections were not performed, but the distended abdomens and regurgitated material from these specimens indicated heavy
feeding. None of the fish collected carried eggs, and none had an enlarged hyoid region.
Cat Island
The water and bottom type in the area of Cat Island (Figs. 1 and 2)
are representative of the northeasterly sector of the region of Mississippi Sound . The bottom consists primarily of mud, but sand and oyster shell
bars were noted. Bottom salinity for the waters near Cat Island (5 foot
depth) averaged 15 . 4 Ofoo for May and June and 21.2 °/oo for July and
August for 1966 (McPhearson, 1970). For June, July and August of the same
year bottom temperatures for the identical station were 29.soc, 3l.loc, and
30.3°C, respectively.
Two collecting efforts were made in this area on July 2, 1970. Both
followed east to west directions, with the initial sample taken approximately one-half mile due south of Cat Island and the second approximately
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one mile south and east of the island. In both instances a single, eggcarrying mal e was captured. Twenty-four eggs were taken from the first
fish and twenty-seven eggs were taken from the second. The lengths of
the parent fish were not recorded. The embryonic fish measured 24 milli meters in the f irst s ample and 31 millimeters in the second sample . This
region was not collected from in 1971 .
Island
-Sand Sand
Isl and is situated in the Gulf immediately south of the eastern
end of Dauphin Island. The salinity of the water in this area is generally
high and the visible turbidity is low. The bottom is sand and little
bottom flora was evident at the time of collection .
This region was sampled by otter trawl on June 11, 1971. Water depth
varied from six to eighteen feet during the two trawl runs. Only one immature catfish and one flounder were netted in addition to numerous sand
dollars . This region was not sampled again .
Isle aux Herbes
The Isle aux Herbes, known locally as Coffee Island, is situated in
the northern Mississippi Sound (Fig. 1) . The waters surrounding this
island are relatively shoal, particularly to the north and east, and the
northern tip of this land mass extends into Portersville Bay. Hydrographic
data from McPhearson (1970) indicate that waters west of Coffee Island
(11.0 foot depth) over a two-year period (1963-1964, 1965-1966) had an
average bottom sali»ity of 22 . 2 °/oo for t he months of May and June and
26.1 °/oo for July and August. The average bottom salinities for these
periods for waters due north of Coffee Island were 22.4 °/oo and 25 .3 °/oo
respective ly, at a ten-foot depth . Bottom temperatures for the more
western waters were 27.80C in June, 3l.ooc i n July and 30.8°C in August ,
whereas for the waters south of t he island bottom temperature was 28.2°C
in June, 30.5oc in July, and 30.40C in August . Transparency-turbidity
data reported by McPhearson (1970) a l so indicate a rather marked increase
in turbi dity from June to Jul y for both stations .
During 1971 t his region was sampled extensively on June 11 , 23, 25 ,
and 30 and on July S and July 12. Sampling efforts on each of these days
covered waters immediately west and par al lel to the island and waters to
the north of the island. In spite of the number of attempts made, no
large catfish were taken. Numerous j uvenile catfish, shrimp, cutlass fish
and anchovies were collected, along with a large quantity of ctenophores on
the last thr ee days. Similar, though untabulated collections in the same
region during 1969 and 1970 produced similar resu lts . On August 24, 1972,
however, a large, but uncounted sample of Bagre marinus, or gafftopsail
catfish , juveniles approximat ely 40 millimeters long were t aken from "CO .I."
3.

On October 10, 1971, Mr . Tom Olsen of the University of Alabama Marine
Sciences Institute captured 8 juvenile Arius felis specimens out of a tot al
catch of 101 f ish i n an otter trawl sample. These fish ranged from 68 to 94
millimet ers in total length and from 3.4 to 6.0 grams in wet weight . The .
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location of t he sample was in the westernmost sector of Portersville
Bay ("CO. I." 3, Fig. 2).
Marsh I s l and
Marsh Island is situated in the northern Mississippi Sound between
Point aux Pins to the east and the Grand Batture Islands to the west
(Fig . 1) . The wat ers bordering Marsh Island to the north, east and west
ar e quit e shoal, but a channel situated south of this island is 5 t o 7
feet deep and thus was adequate for sampling with an otter trawl.
This channel was sampled on July 19, 1971 and again on July 23 .
The fir st collect ion, on the fourth trawl run, produced eight large marine
catfish of which four carri ed young. The largest male (12 inch f ork lengt h)
carried a t otal of 55 hatched juveniles which measured approximately 38
mi llimeters, fork l ength. One nine-inch male carried 22 unhatched embryos
which measured 15 millimet ers (fixed length). One ten-inch male carri ed
26 embryos measuring 22 millimeters in fixed length and the other held 25
embryos measuring 21 millimeters i n length . A second collecting effor t
was made on July 23, 1971, but mechanical difficulty allowed only one trawl
sampl e and no incubating males were taken although numerous juveniles were
present .
The wat er f rom which these specimens were collected is bordered on the
north, east and west by extensive salt marshes . Surface salinities i n this
region i s reported by McPhearson (1970) for 1966 measured 18.2 °/oo f or the
May- June period and 25.0 Ofoo for the months of July and Augus t. Bottom
saliniti es for the r espective months in 1966 were 18.0 °/oo and 25.0 °/oo
at a 4.5- foot depth. Bottom temperatures were 29.0°C in June, 31.4°C in
July, and 31 .5°C in August of the same year . Turbidity-transparency data,
a s r eported by McPhearson (1970), was 5+ feet in June, 3.0 feet i n J u l y and
2. 9 feet i n August. The bottom type in the Marsh Island area appeared to
be s i l t over sand, but was not confirmed by sampling.
LABORATORY REARING
Early attempts (1969, 1970) to rear the marine catfish embryos i n the
l aborator y had proven disappointing since a given series could only be
maintained approximately two weeks before all of the specimens died. It
was noted t hat bacterial and f ungal colonies infested the chor i onic membrane
a few days subsequent to t he removal of the eggs from the host males, and
that the death of the embryo followed the induced chorionic breakdown .
Therefore, a special plexiglass tank was designed prior to t he col l ect i ng
efforts of 1971 in an attempt to eliminate this problem.
A for ty ga l lon tank f our feet long, fourteen inches hi gh , and one foot
wide was constructed of f i ve-eighths inch plexiglass (Fig. 3b, 3c) . Plexiglass was s elected in spite of its cost in order to el i minate t he bui ldup
of harmful deposit s (such as ni trogenous wastes) which occurs on glass in
salt aquaria.
Cheesecloth was attached to a plexiglass ladder frame (Fi8· 3a) which
was then suspended approximately one and a half inches below t he water leve l
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Figure 3.

Line drawings of the support frame, a side view of the
incubation tank, and an overhead view of the tank.
Drawn to scale. 1/8" = 1 ' .
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in the tank. The embryos were placed on the cheeseclot h and thereby
maintained slightly below the water's surface.
In order to duplicate the flow of water over the eggs which occurs
in the natural environment as a result of the male host 's respiration
a paddlewheel apparatus was constructed at one end of the t ank (Fig. 3b
and 3c). The paddlewheel-induced motion of t he water constantly agitated
the eggs, serving to both prevent t he accumulation of debr is on the
chorionic surface and t o prevent the chorion from remaini ng constantly
pressed against the cheesecloth.
The wat er was t reated weekly with a commercially available fungiciq
(Tetracide) which contai ns silver nitrate as its ac tive i ngredient. Arti.
fi cial seawater salts and trace element s were used in l i eu of natural
seawater to further reduce the presence of contaminant s . Side filters
were placed at either end of the tank and f illed wi th crushed coral. TheM
filtration beds were both seeded from anot her operating sal twater aquariua
for formation of the bacterial colony necessary f or t he c onvers ion of
nitrogenous wastes . Several small fish were maintained in the tank prior
to the introduction of the embryonic specimens t o maintain the bacterial
colonies. The pH of the aquarium was monitored daily by the use of a pH
meter and remained stable at approximately 8 . 0 ± 0.2 thr oughout the
experiment.
Temperat ure was regulated by cooling the laboratory to approximately
22°C and warming t he water to 280C with two thermostat ical l y controlled
aquarium heaters. Salinity of the tank was stabilized at approximately
22 °/oo by the addition of distilled water to maintain the volume at a
predetermined level. Samples from the aquarium were titrated weekly and
compensation was made for any salt loss .
Following collection, both embryos and juveniles were acc limated to
their new environment over a four-hour period by the gradual addition of
the artificial seawater to t he natural water. Transfer to the t ank was
made via a nylon net to reduce the transfer of contaminants.
These procedures proved quite successful in that some of t he specimau
were maintained in the laboratory as long as 43 days with no apparent i ll
effect . Less than 5% of any given series died and this was generally
attributable to collection trauma.
GROWTH AND DEVELOPMENT OF THE MARINE CATFISH UNDER LABORATORY CONDITIONS
Previous investigators (Lee, 1937; Merriman, 1940; and Ward , 1957 ~
personal communication) have described the gross development of the mar1ne
catfish embryo from the early cleavage stages to the juvenile form. Ward
(personal communication) is preparing a description of the embryology.of
this species. However, chronological data are currently unavai lable 1n
the literature.
The collection of embryonic specimens for this investigation was
subdivided into 16 series, with a series cons isting of a clutch of eggs
taken from a single incubating male (Table 2). The clutches of eggs ~ere
segregated when necessary or placed on a common support when visual dlS·
crimination was possible and then sampled randomly at 24-hour intervals,
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Table 2.

-

List of Embryos Collected

Series

Location

6/2?./70

1

P.B.I.

4

22

6/22/70

2

P.B.I.

5

14

7/1/70

3

c. I.

18

1

7/2/70

4

c. I.

24

24

7/2/ 70

5

c. I.

31

27

6/25/71

1

P.B.l.

10

24

6/25/71

2

P.B .I.

8

28

6/25/71

3

P.B.I.

3

47

6/30/ 71

4

p. B.I.

12.5

17

7/14/71

s

P.B.I.

10

22

7/19/71

6

M.I.

38

55

7/19/71

7

M.I.

22

26

7/ 19/71

8

M. I.

21

23

7/19/71

9

M. I.

15

22

7/22/71

10

P.B . I.

46

4

7/22/71

11

P.B.I.

44

3

10/10/71

NA

Co.I.

68-94

8

Date

Length (nnn. )
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Number of Embrlos
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Figure 4.

0,

Growth curve reflecting the growth rate from 3.0 to 14 mm.
in the marine catfish embryo . The heavy black curve is an
average based upon the composite curve of 7 different series.

although series of very young specimens were sampl~d at as little as
6-hour intervals. The living specimen was sacrificed in alcoholic
Bouin's fixative, dehydrated through a series of graded alcohol s up to
70% and then photographed alongside a millimeter scale. The measurements thus obtained for each specimen were for fixed length and, because
of the shrinkage of the specimen with such a procedure, do not represent the true length of the living animal. However, since all of the
material was handled by the same procedure, and since shrinkage could be
assumed to be approximately uniform, a growth curve was compiled by the
following method.
·Series 1, 2, 3, 5 and 9 all overlapped with one or more series in
terms of length (Tables 3 and 4). Series 3 had the smallest captured
specimen (3 mm.) and was plotted initially on a time versus length basis,
the time representing the number of hours between the sacrifice of each
specimen within a series. The other series were then established on a
plot with series 31 as the baseline, i.e., the first and smallest embryo
of each series was matched with the corresponding length in an earlier
series with which it overlapped, and the age thereby established from the
graph. The superimposed curves were then averaged at random points to
produce a single, average growth curve for the marine catfish embryo under
the conditions specified (Fig. 4). It should be noted that the 3-mill imeter specimen is plotted at the zero hour point and that at least 29
hours (based on Ward's artificial insemination data) should be added for
any given stage, although this figure should prove to be dependent upon
the temperature of the water for a given series. By correlating this
information with the appearance and length of a given embryo, it should
then be possible to establish its approximate age.
·
At 3.0 millimeters the marine catfish embryo is well into the
gastrulation process. The blastodisc is well defined, but no definit ive
structures can be identified. Ward (1957) obtained the gastrula stage at
a water temperature of 29.5°C to 30.5°C after 29 hours from artificially
inseminated eggs.
At 5.2 millimeters the marine catfish embryo demonstrates definite,
although diminutive, somites and a slight enlargement of the rostral
neural tube is present (Fig. 6b). The neural folds are as yet unjoined
in the middle region of the neural tube and eyes, otic vesicles or gi l l
s tructures could not be detected. Approximately 30 to 35 hours are
required for growth from 3 to 5 millimeters fixed length which, on t he
basis of Ward's data, would indicate an approximate age of 60 to 65 hours,
post-fertilization.
The marine catfish embryo of 7 millimeters exhibits visible eyes and
the beginning of the neural enlargements (Fig. 5b). A slight lateral
flexion is present in the caudalmost portion of the embryo. Otic ves i cles
are seen which are quite large in relative proportion when compared wi t h
those of later stages. This length would correspond to an age of approximately 380 to 400 hours post fertilization.
At 8 millimeters fixed length (Fig. 6a) the pectoral fin buds are
present and the optic tectal and cerebellar anlagen can be detected. The
rhombencephalon forms the largest brain division. This stage would cor respond to an age of approximately 450 to 470 hours .
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Table 3.

Ages of the Embryonic Series Plotted

SERIES 1:
Len8th
(rnrn. )

9.3
10.8
11.1
10 . 9
10.9
10.9
10.8
11.2
11.3
11.7
12.1
12.0
13 .3
13.7
13 . 0
14 . 0

Hours
(after capture)

Hours
(corrected age)

0
3
11
28
37
44
61
73
88
102
129
157
180
206
255
278

591
594
602
619
628
672
689
701
716
730
757
784
808
834
883
906

0
15
23
40
49
56
73
85
100
114
142
170
193
219
273
304
339
375
399

520
535
543
560
569
576
593
605
620
634
662
690
713
739
799
824
859
895
919

SERIES 2:
7.8
9.2
8 .6
8 .5
9.1
9.1
9.5
9.6
9.7
9.8
10 . 7
10.9
10.8
10.9
12 . 0
12.4
12 . 8
13.3
14.4

76

Table 4.

Ages of the Embryonic Series Plotted

Length
SERIES 3 1

SERIES 3 2

(nun . )

Hour s
(after capt ure)

Hours
(corrected age)

3. 0
5. 2
5.3
6. 9
7. 2
8.0
8. 1
8.8

0
37
89
257
304
352
401
448

0
37
89
257
304
352
401
448

6.3
6.6
7.2
8.1
8.3
8.6
9.1
10.8

0
28
81
153
226
273
321
345

248
276
379
401
474
521
569
593

6.5
7.6
9.0
9.2
9.5
9.3
10 . 9
11.6

0
120
243
266
291
314
338
363

303
423
546
569
594
617
641
666

10.0
10.8
11.0
11 . 2
13.4
12. 5
12 . 5
12 . 7
14 . 0
14 . 9
15 . 3

0
24
72
91
135
159
183
207
231
430
454

569
593
641
660
704
728
752
776
780
804
828

14.8
15 . 6
15.8
16 . 5
18.5
19 . 0

0
24
48
194
264
228

803
827
851
997
1067
1091

SERIES 33

SERILS 5

SERIES 9
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b. (bottom) Nine mm stage.
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a. (top) Twelve mm stage lengths of Arius.
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An Arius embryo of approximately 9 millimeters (Fig. 6b) fixed
l ength is characterized by the pigmentation of the retina, by the winglike appearance of the pectoral fins and by the presence of the developing operculum. The heart is beating in this stage and flexion occurs
i n both the rostral and the caudal extremes of the body.
At a 12-millimeter stage length (Fig. 7a) the dorsal and caudal
fins may be seen grossly. The rhomboid fossa is reduced in size in
comparison to previous stages, the optic tectal anlage is relatively
l arger and the pectoral fins are developing a shape more characteristic
of the adult. This stage would correspond to an age of approximately
760 to 770 hours .
The 14.5-millimeter stage would be approximately 900 to 920 hours
post-fertilization. The embryo at this point has coiled somewhat on the
yolk and the ribs are visible grossly. Caudal, anal and pelvic fins are
recognizable and the eyes are large in proportion to the head, although
they remain unencapsulated.

DISCUSSION
The peculiar habits of the marine catfish, Arius felis, offers the
naturalist and the experimental biologist a rather unique marine animal
f or study. The very large eggs and embryos of this species, the possibili ty of capture afforded by the combination of an estuarine environment
during spawning season and by the oral incubation practiced by the male of
the species all lend this animal to embryological investigations. Also,
t he abundance of this catfish indicates that it has an important role in
t he maintenance of the ba lance of the estuarine ecosystem. A concise knowledge of the natural history of this anima l has thus become of worthwhile
significance.
In examining the natural his tory of this or any other estuarine
anima l the importance of the large number of habitats and niches available
i n t he estuary cannot be overemphasized. Additionally, the variations
among overall conditions in different estuaries must be considered, i.e.,
turbidity, salinity, bottom type and water temperatures may be present in
quite different combinations depending upon the geographic location of the
estuary and the season of the year.
The Alabama portion of Mississippi Sound ha s been characterized as a
region in which widely varied conditions are present. Sampling of this
area during the spawning season of the marine catfish thus afforded some,
a lthough incomplete, data on the distribution of this animal in the sound
i n different habitats during the months of June, July and August. On the
basis of this admittedly incomplete data a pattern of movement of the
i ncubating males is proposed.
During the first three weeks of June, 1971, transects along the
Dauphin Island, Coffee Island, Petit Bois Island , Petit Bois Pass and Sand
I sland stations were sampled. Collectively, 37 large females and four
large males were taken from the Dauphin Island area, one large female was
taken from the Petit Bois Island waters, no catfish were taken from the
Petit Bois Pass and none were found in waters around Coffee Island or Sand
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Island. In addition, the specimens which were taken from the Dauphin
Island waters were all taken from the vicinity of the insular shelf
which inclines abruptly several hundred yards offshore. No fish were
taken from waters any distance from this incline and collections could
only be made by dragging the trawl back and forth across the shelf on
diagonal tacks . It should be noted that on June 21 seventeen large
males were taken from the waters of Snake Bayou and that none of these
males exhibited an enlarged hyoid region. In spite of the wide variety
of habitats sampled during this period, no embryonic material was
collected. Furthermore, the females were in general segregat ed from
the males geographical l y, all mature females taken were gravid and none
of t he mal es exhibited the enlarged hyoid region characteristic of the
incubating fish.
During the following weeks in 1971, sampling continued in a wide
variety of habitats. However, no other adult catfish were col l ected
from any of the Dauphin Island transects until July 13, at which time
12 large, spent females were taken. In spite of the numerous samples
taken in thi s region during the previous two years as well, no embryonic
specimens were ever found. On the other hand, beginning on June 22,
1970 and June 25, 1971, incubating catfish were recovered from the waters
immediately north of the eastern end of Petit Bois Island ("P.B.I." l,
2, and 3).
The relat ive abundance of the adult fish, particularly the females,
in the vicinity of Dauphin Island during the first three weeks of June
suggests the possibility that the insular slope from which these specimens were taken may, at least in Mississippi Sound, constitute the area
of one of the spawning sites of the marine catfish . This conclusion is
further substantiated by the absence of gravid females in waters both to
the north and east of this area, by the cluster of unfertili?.ed eggs
taken from the Dauphin Island region and by the ease with which the females taken at this site coul d be stripped. Gunter (1947) believed on
the basis of his initial data that the marine catfish spawn in Texas only
in the lower bay near the Gulf; he stated in a succeeding paper (1947)
that these catfish probably also breed in the back bays, or low salinity
areas as well. The absence of any gravid females in the backwaters of
the Alabama portion of Mississippi Sound during the present investigation
does not necessarily indicate that thes e fish spawn only in the southern
waters of the sound, since sampling of the northern waters was insuffi cient to rule out the contrary conclusion.
The probable time of spawning of thi s species in this region appears
to be around th ~ third week in June since no embryonic material was collected from any of the transects prior t .o this time. However, this again
does not rule out the possibility that spawning may occur on several
occasions, or even that spawning may occur continuously during t he late
spring and early summer months. Until dat a to the contrary appears,
however, this would seem to be a useful approximation for this area.
During the last week of June and the first three weeks of July in
1971 both the northern and southern waters of the sound were samp l ed on
numerous occasions. These samples seemed to indicate a dispersal of the
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marine catfish following spawning. In Figure 8 the number of embryos,
the range of length of the embryos, the average length and the salinity
and water temperature averages for the month of June are depicted at
the appropriate transect sites . As can be seen from this diagram the
only area from which embryos were taken in June was the waters which lie
immediately to the north of the eastern end of Petit Bois Island. Bottom
water temperature differences between the various transects were negli~
gible, but salinity was generally higher in the region of Petit Bois
Island than in the more northern waters, although the significance with
respect to the marine catfish is questionable. For example, Franks et al
(1972) noted that the highest catches per unit effort in gulf waters south
of the Mississippi barrier islands were from salinity intervals of 32 . 0
to 34.9 ppt. In contrast, Gunter and Hall (1965) reported their greatest
catches from waters with an average salinity of 10.8 ppt. in the
Caloosahatchee estuary. Bottom type does differ appreciably from that of
the other transects, however, in that for these waters the bottom type is
white sand covered by large, thick grass beds. The majority of the
remainder of Mississippi Sound from which collection was made is mud bottom with much less flora. The only other appreciable difference shown by
these waters is low turbidity.
The abundance of embryos in Mississippi Sound during July is,
according to these data, much greater in the northern waters although a
few specimens were taken from the Petit Bois Island waters (Figure 9).
As can be seen from the temperature and salinity averages, there is little
appreciable difference between the Cat Island transect (specimens collected
in 1970) and the Marsh Island and Petit Bois Island transects. Again the
basic differences in the former two and the latter habitats lie in the
bottom type and the transparency-turbidity pattern of the sound.
In addition to the alterations in the distribution of the incubating
males in Mississippi Sound from June to July, a second pattern becomes
obvious. In comparing the length ranges and the average lengths of the
embryos collected from the Petit Bois Island area with those collected
from the Marsh Island and Cat Island transects a significant difference
becomes apparent, i.e., the embryos taken from the Petit Bois Island waters
during both June and July did not exceed 12.5 millimeters in length (except
for an isolated occasion) whereas those taken from the more northern waters
were at least 15 millimeters long and averaged 28 millimeters.
It would appear then that in this part of Mississippi Sound
incubating males move from the more southern waters adjacent to the barrier
islands to the more northern waters, particularly those which are bordered
by salt marshes. Comparisons of water temperature and salinity for these
various areas indicate that during the summer months the differences are
small enough to be considered without significance for a fish which has
such a wide salinity tolerance. The only other notable factors which are
quite divergent between the northern waters are those of bottom type,
turbidity-transparency, and possibly the presence of dissolved nutrients.
Although any conclusions in regard to the effect of these factors on
the reproductive behaviour of the marine catfish must remain at present
conjectural, certain observations from the laboratory experiments offer
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possible explanations. Specifically, Merriman (1940), Ward (1957) and
this investigator noted that the laboratory survival of marine catfish
embryos in the unhatched state was particularly poor. According to
Ward (personal communication) colonial protozoa and detritus become
attached to the chorion, but could be detached by rinsing the eggs wi t h
a strong jet of filtered seawater twice daily. In addition to the
colonies described by Ward, the author noted a rather heavy infestati on
of rhizoans on the chorion and that the chorion would ultimately degen erate if left untreated, thereby killing the embryo. Filtering of
natural seawater for incubation purposes failed to alleviate this problem. An attempt to agitate the specimens in filtered seawater also did
not inhibit chorionic degeneration. Ultimately the construction of the
previously described paddlewheel apparatus for continual washing of the
eggs, the use of artificial seawater, and the use of a fungicide (silver
nitrate) in combination prevented the growth of these organisms on the
chorion.
The question of the prevention of this problem in the natural
environment remains. Certainly the constant flow of water over the eggs
which is insured by the respiration of the host male contributes somewhat to the prevent1on of the accumulation of debris. It is possible
that the salivary glands of the adult male se;rete a substance which
prevents or inhibits the growth of these parasitic organisms. However,
it would appear that the previously described movement of the incubating
males could also contribute to the prevention of this phenomenon. As
noted, the early developmental stages of the embryos of Arius felis were
all taken from the region of Petit Bois Island. These waters carry far
less silt and detritus than do those of the other transects sampled.
Thus, if accumulation of detritus on the chorionic surface is detrimental
to the condition of the embryos, then this type of water would be the
logical site of congregation of the incubating males following spawning.
On the other hand, the feeding of the juveniles has been noted in the
laboratory. The relatively detritus-free waters of the southern sound
would offer a poor source of food in comparison to those of the northern
sound, where the salt marshes constitute a ready supply of organic
material which is flushed into the adjacent waters . It would therefore
follow that the northern sound would be the more logical point of movement after the hatching of embryos for feeding purposes, as well as for
those of concealment. This movement would be indicated from the data
recorded.
The approximate periods during which a given male would inhabit a
particular habitat can be inferred from the laboratory study of the
growth rate of Arius felis embryos. The growth rate of a marine organism
in its natural environment is generally assumed to be somewhat different
from that which the animal experiences in the laboratory since conditions
such as water temperature are highly variable in the case of the former
and are generally held constant in the laboratory. Data for the early
growth and development of the marine catfish embryo in the laboratory
have been presented. The water temperature was maintained throughout the
experiment at 28°C and salinity was stabilized at 26 °/oo. Under these

90

conditions the embryos increase from a three-millimeter (blastodisc)
stage to 14 millimeters in approximately 36 days . This information
was obtained by plotting the sizes of each of seven groups of embryos
on a single curve, with the smallest embryos used as a baseline for
determining the approximate number of hours at which to plot the series
of larger embryos . The average growth curve obtained by this crude
emthod reflected an average growth rate of 0.32 millimeters per day up
to 14 millimeters in length. For the very early stage, however, an
increase from 3 to 5 millimeters suggested a growth rate of 1.1 millimeters per day.
It should be noted that the measurements indicated are for
specimens fixed in Bouin's fluid and dehydrated in alcohol up to a 70%
solution in which they were photographed . A significant shrinkage of
the tissue would thus be expected, such that the lengths given here are
considerably less than those of the animals in vivo . Furthermore,
torsion of the older specimens made measurement difficult and unreliable
by this method and consequently was not recorded. In comparing this
data with that of other investigators, the method of fixation should be
carefully noted . For instance, the measurements specified for Arius
embryos in Ward's 1957 paper are somewhat greater for the same developmental stage than specified here. Ward also utilized a water salinity
of 30 °/oo and a water temperature of 18°C, which could be expected to
effect a different growth rate for that series .
From the data presented a migratory pattern for the marine catfish
within the estuarine region studied during the spawning season can be
suggested. It would appear that the male and female catfish are somewhat segregated during the firs t weeks of June, during which time the
males are feeding heavily , as , for i nst ance, around the shrimp processing plant in Snake Bayou. It should be noted, however, that Ward
(personal communication) collected approximately 300 female specimens
from the Pas cagoula area from a similar processing plant in a sample
that did not include a single male . Thus, the males and females,
a lthough segregated, both appear to be feeding heavi l y during early
June in this vicinity. During the third and fourth weeks of June and
extending into July and perhaps August, spawning occurs in the region
of the estuary near the Gulf waters where turbid waters and medium
salinity are found in combination (Fig . 10) . It is possible that the
t urbid waters afford s ome concealment during spawning and that the actual
act of spawning may occur in shallow water (2 to 4 foot depths) as suggested by Gunter (1947) .
Following spawning, the spent females probably become dispersed
throughout the estuary. The incubating males , on the basis of the data
presented, appear to move into shallow, relatively transparent water during which time the embryos are in an unhatched state and are susceptible
to chorionic parasitization and infection. The salinity of these waters
i n Mississippi Sound (Al abama) ranges from approximately 25 to 30 °/oo
with a gradual increase from June through August. The bottom type found
in this habitat would be sandy with a heavy grass cover, and the animals
wou ld probably remain here for from 35 to SO days (Fig . 10).
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As the embryonic fish approach hatching the adult males probably
move into the more northern waters of the sound where salinity is
slightly lower, but the turbidity and associated nutrients are much
higher. The hatched fish remain with the parent until the yolk is
almost completely absorbed, after which the juveniles become dispersed
along the northern waters of the sound, into the bay, and perhaps
throughout the southern reaches of the sound as well (Fig. 10) .
It is not knownhow many of the first year juveniles from this
region move into the waters of the Gulf of Mexico during November and
December. However, after the first year, during which time the fish
att ain a length of from 4 to 7 inches, they are again found in the
sound in company with larger fish and, as would be expected, greatly
outnumber the older fish in most samples taken.
Laboratory rearing of the embryonic marine catfish indicates a
particular susceptibility of the unhatched fish to the accumulation of
detritus on the chorionic surface. This alone might account for the
need for oral gestation in that the male's respiration constitutes a
constant cleansing mechanism . It may also render this particular species
more susceptible to population damage as the result of increased siltage
and waste dispersal in the estuary. If this proves to be true, the
marine catfish may provide a valuable biological index for the effect of
pollutants on the estuarine biota.
Another problem peculiar to the oral incubators is the susceptibility
of the young to mortality which is in direct proportion to that of the
adult male population, i.e., the death of a single male in a commercial
operation may be multiplied by a factor of as much as sixty in terms of
the number of young also destroyed. Because the pectoral and dorsal
spines of the adult are strong and serrated, this fish more so than most
will become entangled in an otter trawl with few survivors resulting from
their subsequent release. For this reason, spawning sites of the marine
catfish may require protection in the future as more and more bay shrimping i s conducted .
The marine catfish provides the ichthyologist with a unique animal
for study both in vivo and in the laboratory. The large size of the eggs
and embryos makes this species particularly useful for the study of tel eostean development. The ability of the male catfish to endure for 60 to
80 days without any nourishment whatsoever provides the biochemist with a
unique model for the study of the physiologic and metabolic mechanisms
which allow this phenomenon. The as yet undiscovered spawning behaviour
of the marine catfish provides the ethologist with a mystifying dilemma
which possibly ~ould be studied in the laboratory through the implantation
of electrodes in the appropriate anatomical nuclei for the elicitation of
reproductive acts.
The conclusions of this i nvestigation must necessarily be weighed
against the amount of data available. As more information is accumulated
through future investigations the suggested patterns of movement of Arius
felis in Alabama Mississippi Sound may well prove to be more complex or
more random than that suggested . It is possible, for example that day to
day variations of temperature or tidal flow could greatly influence the
spawning time and adult movement of this species, and this should be
explored in far greater detail .
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ALKALINITY, HARDNESS, AND PRODUCTIVITY OF LIMED PONDS*
Mario M. Pamatmat
Department of Fisheries and Allied Aquacultures
Agricultural Experiment Station
Auburn University, Auburn , Alabama 36830

ABSTRACT
The application of 1120 kg of basic slag
per ha and 2240 kg of limestone per ha raised
the concentrations of calcium, magnesium, carbonates, and bicarbonates, depressed carbon dioxide
tension, and elevated pH, but significant treatment effects in the photic zone were sometimes
masked by the diel effects of photosynthesis and
respiration. In deeper waters below the photic
zone, basic slag and limestone clearly elevated
pH and concentrations of carbonate and bicarbonate, and initially depressed free carbon dioxide .
Limestone and basic slag had dissimi lar effects.
Neither treatment raised total hardness to the
level of hard waters; their only significant effect on pond bottom soil was a slight increase in
pH. The biomass of seston and benthos and bluegill production were unaffected by liming.
During 6 . 5 months, the experimental ponds produced 140 to 290 kg of bluegills per ha.

INTRODUCTION
Fish culturists in Europe agree that certain types of muds and
waters need to be limed prior to fertilization if the latter treatment
is to be of maximum effectiveness. Quicklime (CaO) is applied to ponds
to destroy fish parasites and undesirable organisms, to precipitate
excessive amounts of organic substances, to flocculate colloids and
clear muddy waters (Hess, 1930; Schaeperclaus, 1933; Huet, 1952), but
its use is undesirable because of its lethal effect on bottom organisms
(Neresheimer , 1911 ; Demoll, 1925). It is toxic to fish and should be
applied 10 to 14 days before stocking (Huet , 1952). Slaked lime, Ca
(OH) 2 , has the same effects as quicklime.
Limestone (Ca.Mg(C03)2, quicklime, or s laked lime are used to
raise the pH of the water to a slightly alkaline level, to raise the
*Based on a Master 's thesis directed by Prof . H. S. Swingle.

J . Mar. Sci. Alabama, 2(3):95-110
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acid-combining value (alkalinity, or alkaline reserve) of the pond
water and thus form a carbon dioxide reserve, and to improve the
chemical, physical and biological condition of the pond bottom
(Schaeperclaus, 1933; Macan, Mortimer, and Worthington, 1942; Neess,
1949; Huet, 1952).
Liming hastens decomposition of organic matter in mud and
thereby releases bound nutrients (Schaeperclaus, 1933) . When applied
before fertilization, lime materials are reported to save phosphorus
from precipitation as iron phosphate complexes, p~esumably because
lime removes Fe+++ from solution in pond water (Neess , 1949). Wunder
(1947) claimed that the fertilizing action of phosphoric acid is
heightened by CaC03. However, quicklime must be added separately
from other fertilizer materials to prevent "caking" (Demoll, 1925).
Maciolek (1954) recommended that fertilization be done two weeks after
liming to avoid binding nutrients in insoluble calcium compounds.
Schaeperclaus (1933) thought that liming would lead to favorable base
exchanges resulting in the liberation of potash from soil.
Demoll (1925) warned against excessive limi ng which may lead to
the loss of valuable absorptive properties of mud and, in poor peaty
mud, an acute lack of other elements. Schaeperclaus advised care in
liming ponds with water very poor in lime and carbonic acid; overliming could raise the pH to dangerously high levels. However, he
believed that oftentimes the addition of more lime would do no harm,
and it would be well to have a lime reserve when dealing with aci d
ponds.
European workers differ in their recommendations of amounts of
lime materials to be used. Schaeperclaus (1933) gave a dosage scale
based on the character of the bottom soil and the acid-combining value
of the water. Wunder (1949) recommended a dose of 1120 to 2240 kg/ha
of quicklime, or twice this amount of calcium carbonate depending on
the pH and alkalinity of the water . In general, more lime is used in
heavy soils than in light soils, and the amount increases as the pH
of the soil decreases. There are differences in opinion as to whether
limestone or quicklime is better, but in general (except for the dis infecting action of quicklime), it is agreed that the overall effects
are the same, provided that twice as much limestone as quicklime is
used (Schaeperclaus, 1933; Wunder, 1949).
As for the manner of application, either the pond bottom is
limed after draining or the pond water is limed, depending on the
purpose of liming. For parasite and pest control and bottom improvement, the pond bottom is limed. For other purposes, the method of
application is inconsequential.
A few liming experiments in the United States (reviewed by
Pamatmat, 1960) have yielded conflicting results and the question of
whether liming increases fish production under prevailing conditions
of fish culture in this country remains unanswered. Evidently there
are factors which mask, modify, or completely negate any beneficial
effects of alkalinity on aquatic biological production.
We still need to know in what way the addition of lime materials
makes any type of water more productive of fish. Natural fish pro-
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duction is a long and complex process which is vulnerable at every
stage to limiting or controlling factors. We may never ascertain how
liming will ultimately affect fish production unless we investigate
how liming affects those factors that could limit production.
The factors most likely influenced by lime materials are pH, free
dissolved carbon dioxide, carbonate, bicarbonate, total hardness, calcium, magnesium, organic matter, and the different phosphorus fractions
of the pond bottom soils . Experiments were conducted in ponds to
determine the effects of basic slag and agricultural limestone on these
factors. Standing crops of plankton and bottom organisms, and fish
production were measured.
METHODS
Liming and fertilization
Six 1000 m2 ponds, 1.5, to 1. 8 m deep at one end and 0.6 to 0.9 m
deep at the other end, were filled with water on 1 April and the lime
materials were added on 6 April. Two ponds, F-5 and F-8, were treated
with basic slag at the rate of 1,120 kg/ha. F-7 and F-1 were limed
with agricultural limestone (2,240 kg/ha) . F-6 and F-12 served as
controls. The basic slag had the following assay: 8 per cent P205,
40 per cent CaO, 4 per cent MgO, and 2 per cent MnO. The agricultural
limestone used was 67 per cent CaC03, 20 per cent MgC03, 8 per cent
calcium in forms other than carbonate, and 2 per cent impurities.
One week after liming, fertilizer (ammonium nitrate, triple
superphosphate, and muriate of potash) was added to all six ponds at
the same rate of 9.0 kg nitrogen, 9.0 kg P205, and 2.2 kg K20 per ha.
Bi-weekly applications were made in the spring, every 3 weeks at the
beginning of summer, and at 4 week intervals in late summer and early
fall, a total of 9 applications.
Water sampling and analyses
Water was sampled with a bottle-train sampler (Swingle and Johnson,
1953). Samples were taken at both ends of the ponds, at 15 em below
the surface and 15 em from the pond bottom.
Samples were taken in the afternoons a week after l iming and
every 2 weeks thereafter for 5 samplings. Later samples were taken at
dawn and at less regular intervals.
The water was analyzed for pH, free carbon dioxide, carbonates,
bicarbonates, total hardness, calcium, magnesium, and inorganic phosphorus (American Public Health Association, 1955) . The pH analysis was
done immediately in the laboratory; this took 30 minutes for each batch
of samples. Free carbon dioxide, carbonate, and bicarbonate were analyzed immediately after finishing with the pH determination, and this
took 1.5 hr. Determinations for total hardness, calcium, and inorganic
phosphorus were finished within 18 hours after collection.
Soil Analyses
Composite soil samples were dried at 40 C and analyzed for dilute
acid-~uble phosphorus, neutral ammonium fluoride-soluble phosphorus,
acid ammonium fluoride - soluble phosphorus, calcium, and magnesium
according to procedures of Swingle (1969) . A Beckman pH electrode was
used to measure the pH of 20 g of dried soil mixed with 20 ml of distill
ed water.
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Fish stocking and harvesting
The ponds were stocked with bluegill sunfish (Lepomis macrochirus
L.) at the rate of 3700 per ha 10 days after initial fertilization.
The fish were not of uniform size but were predominantly 5 em total
length .
At the end of 6. 5 months the ponds were drained and the fish were
counted and weighed.
RESULTS
Calcium and magnesium of pond waters
No significant difference existed in calcium and magnesium
concentrations between surface and bottom waters of the six ponds
although bottom waters had higher average concentrations of both than
surface waters.
Analysis of variance of the data summarized in Fig. 1 and 2
showed significant effects of basic slag and limestone treatment on
calcium and magnesium concentration of the pond waters. Subsequent
orthogonal comparisons between treatment means showed that the effect
of 2240 kg/ha of agricultural limestone was different from the effect
of 1120 kg/ha of basic slag.
Differences between grand means indicate that 1120 kg of basic
slag per ha (81 kg of calcium carbonate per pond) raised the calcium
content of the water by 14 mg/liter of calcium carbonate, while 2240
kg/ha of limestone (152 kg calcium carbonate per pond) raised it by
only 6 mg/liter. This means that only about 17 kg calcium carbonate
dissolved out of the 81 kg added to each pond with the basic slag, and
only 7 kg of calcium carbonate out of the 152 kg added with the
limestone.
The addition of 1120 kg/ha of basic slag, equivalent to 10 kg of
magnesium carbonate per pond, raised the magnesium concentration of the
water by 1.3 mg/liter magnesium carbonate, while 2240 kg/ha of limestone
(44 kg of magnesium carbonate per pond) raised the magnesium concentration 3.9 mg/liter above that of the control ponds. Magnesium equivalent to about 1 . 8 kg magnesium carbonate dissolved out of the 10 kg
added to each pond with the basic slag, and 5 out of 44 kg added with
the limestone. The apparent difference in solubility between basic
slag and limestone may be the result of different chemical composition.
Analysis of variance showed a significant change in calcium and
magnesium concentration with time . Calcium concentration increased
through May and declined until the end of the experiment. Part of this
decline in calcium concentration would be accounted for by the utilization by both plants and animals in the pond, precipitation of calcium
carbonate as a result of photosynthetic activity of plants (Hutchinson,
1957), and precipitation as phosphate salts and other complex salts.
Magnesium increased during the first 3 months and, thereafter, fluctuated at a level much above the concentration at the beginning of the
experiment.
Magnesium concentration, in general, continued to increase at the
time when calcium concentration was decreasing; the continued increase
occurred during the summer when fluctuation in the water level of the
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ponds was greatest. Magnesium carbonate is much more so l uble than
calcium carbonate; as a result of photosynthetic activity carbonate
is precipitated, if at all, primarily as calciunt carbonate, leaving
magnesium in solution. When accompanied by evaporation of the water
an increase in magnesium concentration results.
Diel changes in carbonate, bicarbonate, free carbon dioxide, and pH
Diel changes were shown in carbonate and bicarbonate in both
surface and bottom waters, in pH in surface waters only, but not in
free dissolved carbon dioxide (Table 1).
Carbonate was significantly higher in surface than in bottom
waters, but at both depths it increased towards midafternoon and
thereafter declined towards dawn. In deeper waters it may have continued to decrease after 0400 hr.
In contrast to carbonate, bicarbonate was significantly higher
in bottom waters than in surface waters and at both depths it decreased towards late afternoon and rose during the night. Bicarbonate
disappeared altogether from the surface of one of the basic slag and
limestone ponds.
The two ponds treated with basic slag did not have free dissolved
co 2 at any time even in their bottom water. Free C02 was present only
1n the deepest parts of the limestone ponds and in the control ponds
at certain times of the day .
Effects of lime treatment on carbonate , bicarbonate, free COz, and pH
Afternoon carbonate concentration in unlimed ponds was significantly
lower than in basic slag ponds but not l ower than in limestone ponds
(Table 2); it was also significantly higher in basic slag ponds than in
limestone ponds . Afternoon bicarbonate values were statistically
similar in limed and unlimed ponds. In terms of both carbonate and
bicarbonate, there were significant treatment-versus-time interactions,
mainly arising from greater amplitude of fluctuations in limed than
unlimed ponds .
In the afternoon, free carbon dioxide was absent in all but the
deepes t water layer of the control ponds (Table 2). Lime treatment
had no effect on afternoon pH; this ranged from 8 . 5 to 10.1.
Morning carbonate concentr ation in unlimed ponds was significantly
lower than in basic slag ponds but not lower t han in limestone ponds
(Table 3); it was also significantly higher in basic slag than in limestone ponds . Morning bicarbonate values were significantly higher in
limestone ponds than basic slag and control ponds ; there was no difference between the basic slag and the control ponds (Table 3).
In the mornings the limestone ponds had slightly higher
concentrations of free carbon dioxide ~han the control ponds , while
the basic slag ponds had slightly lower concentrations of free carbon
dioxide, (Table 3); the difference between the basic slag ponds and the
limestone ponds was significant at the five per cent level.
Morning pH values were significantly higher in basic slag ponds
than in either limestone or control ponds ; there was no difference
between the latter ponds .
Total alkalinity and total hardness
A positive correlation existed between total alkalinity and total
hardness (Eig. 3). Both increased until mid-summer and then gradually

101

Tab le 1.

Di e l Changes in Carbonate, Bicarbonate, Free Carbon Dioxide ,
and pH of Waters of Limed and Unlimed Ponds.*

Hour

Basic Slag

Limestone

Control

Bottom

Surface

Bottom

Surface

Bottom

24 . 4
24. 8
30. 8
27 . 8

21.8
16 . 5
24.1
18 . 4

15.4
24.0
24 . 0
21.4

9.0
15. 0
16.1
5.2

7.5
12.4
12.8
10.5

6.0
5. 2
4.5
1.9

14 . 1
7.6
6. 1
8.4

20 . 2
17. 2
17 . 2
27.8

22.1
6.9
1. 1
11.8

37 . 4
27.8
24 . 4
49. 6

19.4
11.0
11.4
16. 4

25.2
28. 2
34 . 3
37. 4

0
0
0
0

0
0
0
0

0.4
0.4
0
1.1

9.8
10 . 0
10.1
10. 2

9.4
9.6
9. 9
9.1

Surface
Carbonate
4
10
4
10

A.
A.
P.
P.

M.
M.
M.
M.

Bicarbonate
4
10
4
10

A.
A.
P.
P.

M.
M.
M.
M.

Fr ee carbon di oxide
4
10
4
10

A.
A.
P.
P.

M.
M.
M.
M.

0
0
0
0

A.
A.
P.
p.

M.
M.
M.
M.

9. 9
10. 1
10. 0
10.2

0
0
0
0

2. 5
1.5
3.3
3. 6

pH
4
10
4
10

9.8
9.9
9.8
9.8

*Except for pH all t he values are i n mg/ liter .
value of four s amples .
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9.3
9.7
9.8
9.8

Each i s the mean

8.8
8 .8
8 .5
8 .4

Table 2.

Afternoon Values of Carbonate, Bicarbonate, Free Carbon
Dioxide, and pH of Water of Limed and Unlimed Ponds.*

Date

Limestone

Basic Slag

Control

Surface

Bottom

Surface

Bottom

Surface

Bottom

17.1
8.2
18.0
30.8

22.2
6.4
18.4
24.0

2.2
14.6
10.1
24.0

2.6
10.5
9.4
16.1

9.4
13.5
3.8
12.8

10.1
9.4
2.2
4.5

24 . 0
47 . 2
32.0
6.1

13 . 7
51.8
33.2
17 . 2

43 . 5
27.4
36.2
1.1

42.0
35.8
37.7
24.4

16.4
11.4
29 . 7
11.4

14.5
19.8
32.4
34.3

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0.4
3.3

8.8
9·. 3
9.3
9.7

9.4
9.6
9.0
9.8

9.6
9.4
8.5
8 .5

Carbonate
April 27
May 11
Ml'ly 25
June 3
Bicarbonate
April 27
May 11
May 25
June 3

Free Carbon Dioxide
April 27
May 11
May 25
June 3

0
0
0
0

pH
April 27
May 11
May 25
June 3

9.5
9.1
9.4
10.0

8.7
9.5
9.3
10 . 1

9.8
9.0
9.4
9.8

*Except for pH all the values are in mg/liter.
value of four samples.
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Each is the mean

Table 3.

Morning Values of Carbonate, Bicarbonate, Free Carbon
Dioxide, and pH of Water of Limed and Unlimed Ponds.*

Date

Basic Slag
Surface Bottom

Limestone
Sur f ace Bottom

Control
Surface Bottom

Carbonate
June 3
June 16
June 30
July 7
July 14
Aug 19
Sept 18
Oct 17

24.4
19 ; 5
11.6
16.1
19 . 9
21.8
17.5
3.8

21.8
6.0
3.0
10.5
18 . 4
2.6
5.6
3.5

15 . 4
10 . 1
4.9
0.2
4.0
6. 2
6.4
0.0

9. 0
1.5
1.9
0.2
2.1
3. 2
0.0
0.0

7.5
3.8
2.2
0.4
0.8
1.9
5 .6
0.0

6.0
2.6
1. 1
0.4
0.4
0.0
0.0
0.0

14 . 1
22 . 5
41.2
34 . 7
27 . 2
21. 4
30.6
51.1

20 . 2
65.2
67.5
48.8
28 . 9
65 . 7
48.3
52.3

22 . 1
32 . 0
45.0
58 . 0
52 . 4
44.5
37.9
50 . 7

37.4
61.7
62 . 9
60.3
59.3
50.5
48.0
51.8

19.4
26.3
32.2
36.6
40.3
37.7
27.6
35 . 1

25.2
29.7
39.1
37 . 0
40 . 2
42.7
39 .6
36.6

0
0
0
0
0
0
0
0

0
4.3
6. 9
2.1
0
2.3
1.0

o·

0
0
2. 1
1.9
2.3
1.5
0. 8
2. 8

0.4
4.0
10 . 1
5. 1
4.0
3. 2
1.7
3. 0

0
0
0.4
0.9
2.8
1.2
0
3.8

2.5
2.2
3.7
1.1
2. 8
5.7
4.7
3 .7

9.9
9. 7
9.2
9.5
9. 7
9.7
9. 3
9. 2

9 .8
8.5
8.3
8. 9
9. 7
8.4
8. 7
9. 2

9.8
9.4
8.3
8. 0
8. 3
8.6
8.7
7. 8

9.4
8. 1
7.4
7. 6
7. 8
8.0
7. 9
7. 7

9.3
9.0
8 .6
8.4
7.9
8.3
9.1
7. 2

8 .8
8.5
8.
8.2
7.8
7.2
7. 3
7. 1

Bicarbonate
June 3
June 16
June 30
July 7
July 14
Aug 19
Sept 18
Oct 17

Free carbon dioxide
June 3
June 16
June 30
July 7
July 14
Aug 19
Sept 18
Oct 17
pH
June 3
June 16
June 30
July 7
July 14
Aug 19
Sept 18
Oct 17

*Except for pH all the value s ar e mg/ 1iter .
of four ·s amples.
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Each i s the mean value
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Table 4.

Treatment

Basic Sl ag

Limestone

Control

Fish Production of Limed and Unlimed Ponds . *

Weight of Young
Produced (kg)

Original Stock

Original Stock
Recovered

Number

Weight
kg

Number

Weight
kg

F-5

374

0.79

334

15.5

44

6.6

6.3

0.6

29.0

F-8

375

1.19

303

10.6

31

2.2

2.2

0

15.0

F-7

375

0.88

376

13.6

34

4.4

4.4

1.9

24 . 3

F-10

375

1.22

309

12.4

36

9.4

3.3

4. 7

29.8

F- 6 ·

375

1.27

357

9.0

22

0.5

20.2

1.0

30.7

F-12

373

0. 96

328

9.4

26

7.3

2.5

0

19. 2

Pond
Average
Wt. Gain
g

2.Scm Scm
size size

7.Scm
size

Total Fish**
Recovered
kg

*F-5 with 2 Golden Shiner; F-8 with 1 Goldfish, 1 channel catfish, 1 Israeli Carp, and 1 Golden
catfish.**The six ponds also had 18, 19, 32, 28, 31, and 83 kg of tadpoles each, respectively.

\0
0
r-i

decreased towards the end of the experimental period. Alkalinity was
highly correlated with calcium (r = 0.94) but not with magnesium .
Soil properties
The pond bottom soils were rich in phosphorus and no effect of
liming was discerned on the concentrations of calcium phosphate,
adsorbed phosphorus, or phosphorus held in iron and aluminum complexes.
Both basic slag and limestone raised the soil pH but this remained acid
(pH 5 . 4 to 6.7 versus 5.4 to 6 . 0 in the control ponds). The basic slag
ponds had higher calcium content than either limestone ponds or controls.
All ponds had similar magnesium content in soils .
Biomass of seston and benthos
No significant effect of liming on benthos biomass was found. One
basic slag pond (F-8) had significantly higher ' seston biomass than all
the others but this yielded the smallest amount of fish, evidently
because of a fish kill and poor reporduction during a protracted heavy
plankton bloom.
Fish production
The fish biomass (Table 4) was quite variable and did not differ
s i gnificantly between treatments . One of the basic slag ponds (F-5)
had the greatest total weight increase of the original stock and also
the highest average weight gain, but F-8, it,s replicate, had very
divergent results . On the other hand, the two replicates for the
limestone treatment and the controls gave results that were fairly
similar. The control ponds had the lowest total weight increase and
average weight gain of the original stock, and the limestone ponds
gave intermediate results. F-8, with basic slag , and F-12, a control
pond, had the lowest total production and the lowest production of
young bluegill. During 6 .5 months, the experimental ponds produced
140 to 290 kg of bluegills per ha.
DISCUSSION
The added limestone raised total water hardness by an average of
10 mg/liter as Caco3 , basic slag raised it by 16 mg/liter , the difference being due to the greater solubility of calcium compounds in
basic slag. The resulting hardness (13 mg/liter for controls, 23 mg/
liter for limestone ponds, and 28 mg/liter for basic slag ponds) still
put the experimental ponds in the category of very soft waters of
supposedly low productivity (Juday, Birge, and Meloche, 1938) .
Addition of more limestone would not have increased hardness
within the range of hard waters (SO to 100 mg/liter) within the period
of this experiment because most of the limestone added had already
failed to dissolve. Much of the calcium and magnesium in basic slag
presumably also remained on the bottom. Evidently .the upper limit to
which carbonate and bicarbonate hardness of a body of water could be
raised is determined by its rate of C02 production through community
respiration and oxidation of organic matter.
Two objectives of liming are to increase the buffering capacity
and the carbon dioxide reserVe of the water but it is important to
buffer the water within' pH 7.0 to 9 . 5 for fish culture (Swingle, 1957).
Limestone would have little effect while quicklime would raise the pH
of the water above a suitable range and actually impair the carbon
dioxide reserve if excessive amounts are added to ponds that produce
insufficient carbon dioxide.
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The concentrations of bicarbonate trended towards an increase i n
both limed and unlimed ponds, but t he unlimed ponds did not reach the
highest concentrations produced in the limed pond~ . Even though there
was no significant difference between basic slag ponds and controls
the former showed much higher bicarbonate concentrations at times.
All experimental ponds had fairly high pH, 9 to occasionally more
than 10 during the day, and there was no signi fi cant difference between
treatments. During early morning hours before phot osynthes is had
influenced pH , however, the basic slag ponds had significantly higher
pH than either l i mestone or control ponds.
In summary, the addition of basic slag or limestone would raise
the concentrations of calcium, magnesium, carbonates, and bicarbonates,
depress free COz, and elevate pH, but significant treatment effects i n
the photic zone could be masked by diel effects of community metabolism,
both photosynthetic and respiratory. In deeper waters below the photi c
zone the addition of basic slag or limestone would more consistently
show the elevation of carbonate, bicarbonate, and pH, and i nitial ly
depress free co 2 . As more C02 is formed by respiration, more carbonate
is converted to bicarbonate until some equilibrium is reached. The
eventual concentrat ion of carbonate, bicarbonate and free C02 will
depend on the availability of C02, intensity of community metabolism,
and the vertical mixing of bottom and surface waters.
Total alkalinity and primary productivit y
The hypothesis that hard waters with higher alkalinity are more
productive than soft waters of lower alkalinity (Welch, 1952) needs to
be qualified . Too high bicarbonate a lkalinity could be undesirable .
Ver y alkaline waters are deficient in phosphorus (Hubault, 1943) and
added phosphorus disappears rapidly in alkaline and hard water s
(Barret, 1952; Hepher, 1958). At alkalinities ranging from 122 to 148
mg bicarbonate per liter, Deevey (1940) noted an inverse relationship
between alkalinity and chlorophyll concentration which he suggested
could be caused by removal of phosphate ions from solution by calcium.
At a certain level alkalinity immobilizes phosphorus and Pegins to
limit, instead of favor, biological productivity.
The apparent contradictions in existing information indi cate that
each body of water probably has an optimal alkalinity determined by
rates of biochemical processes such as production of carbon dioxide,
nutrient regeneration, and nutrient level. Existing alkalinities could
be above or below the optimal~ and we still do not know how to deter•
mine these optimal concentrations.
Liming and fish production
The present results show that liming at the rates used did not
further i ncrease production when enough essential nutrients were supplied to the ponds. The addition of basic slag or agricultural limestone did not al ter the chemical conditions of the water in a way which
would favor greater fish production than the control ponds. Under a
different set of experimental conditions, e.g. without inorganic fertilization, l ow pH, and even lower hardness and alkalinity, liming could
conceivably increase fish production, as found by Zeller and Montgomery
(1957) and Snow and Jones (1959) .
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EFFECTS OF CHANNEL DREDGING ON BIOTA OF
A SHALLOW ALABAMA ESTUARY1
Barry A. Vittor2
Unive rsi t y of Alabama
Marine S ci e nce Programs
Dauphin Isl and, Alabama

INTRODUCTION
D'Olive Bay is typical of most small estuaries which lie a long the
northern coast of the Gulf of Mexico. It lies at the northeast edge of
Mob ile Bay, in Baldwin County, Alabama (Fig. 1). The bay is about one
mi l e (1.6 km) long and 0.4 miles (0.6 km) wide, and averages three feet
(0 .9 m) in depth. Extensive shoal areas exist in the upper half of the
bay , and surround the tip of the peninsula separating Blakeley River and
D'Olive Bay (Fig. 2). D'Olive Creek an unpolluted stream, enters the
bay at the northeast corner; Blakeley River water enters the bay at the
northwest and southwest corners . Blakeley River separates from Mobile
River abov e major sources of water pol l ution. The shallowness and
orientation of D'Olive Bay make it espe cially susceptible t o tidal ,
wind and river influences.
D'Olive Bay is of ecological interest as a site of new-channel
dr edging in a previously undisturbed section of the Mobile Bay estuary .
The channel pro ject area is shown in Fig. 2; it ext ends from the 7-foot
hydrographic contour in Bl ake l ey River to the eastern edge of D'Olive
Bay. Dredging was started in June of 1972 with an 8- inch hydraulic
dredge. After Jul y 23, a 15-inch dredge was brought into the bay. Spoi l
from the channel was pumped int o an adjacent diked land area. This s ite
had been vegetated by scatt ered cypress, oak, bay, maple, pine and various shrubs and herbaceous plants. No salt marsh was affected by spoil
effluent from the diked area i nto D'Olive Bay, between s t at ions 5 and 7
(see Fig. 2) .
I wished to identify and describe the impact of dr edging in D'Olive
Bay, with respect to the effects of spoi l effluents on water conditions
and mechan ical disruption of benthic habi t ats. Comprehen sive studies on
channe l dredg ing in Mobi le Bay had not been performed previously, but
1Prepared under Contract No. DACWOI- 72-C-0085 for the Mobile District,
U.S. Army Corps of Engineers.
2Appreciation i s expressed for t he cooperation of Diamondhead Corporation during this study. The assistance of George F. Crozier, Tom Olsen,
Larry Eldridge, Perry Hubbard and Sandra Vittor is gratefully
acknowledged.
J. Mar . Sc i . Alabama, 2(3):11 1-134
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Vicinity map for D'Olive Bay, Alabama.
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May (1973) has recently completed a s tudy of dredging in this area.
Ot her studies of shallow estuaries have been conducted in Florida,
especially in Boca Ciega Bay (Taylor and Saloman, 1968; Sykes, 1971)
and Chesapeake Bay (Chesapeake Bay Laboratory, 1968). Sedimentation
effects of sediment resuspension of primary productivity (Krone, 1966),
and chemical and biochemical oxygen demand (Seattle University, 1970).
This research was conducted by staff of the University of Alabama
Marine Science Program, in four phases: Phase I was completed two
months prior to dredging (April); Phase II was completed while channel
dredging was in progress (July); Phase III was completed after channel
dredging was completed (October); Phase IV was completed in May 1973,
as a long-range test of dredging effects.
MATERIALS AND METHODS
The following were measured during the study: water temperature,
dissolved oxygen, salinity, turbidity, and current direction; sediment
particle size distribution and sedimentation rates; phytoplankton
abundance and primary productivity; submersed plant biomass; and abundance , standing crop and div ersity of benthic fauna .
Eighteen stations were located in the bay and at the edge of
Blakeley River (Fig. 2). All were sampled for benth~.c populations while
stations 1 through 10 were also surveyed during 24-hour studies of water
conditions . Selected stations were also used for sedimentation, product ivity and plant standing crop measurements.
Physical and chemical water data were obtained during four diurnal
surveys; these were made March 27-28, July 22-23, October 10-16 and May
2-3 (1973). Temperature, oxygen, salinity and turb idity were measured
at 2- or 3-hour intervals except when inclement weather forced postponement . Current direction was observed during high and low tides in Phase
I and II .
Sediment particle si ze distribution was determined at stations 2, 3,
4, 7, 9 and 10, from cores taken July 23. Sedimentation rates were
measured at stations 2, 3, 9 and 10 during the period April 11-June 10
(60 days). Si lt accumulation on top of beds of red aquarium gravel was
measured using a 1/2-inch glass tube and centimeter ruler. Two additional
stations were equipped with settling beds, but were lost by theft of
markers.
Phytoplankton t ows were made with a 15-cm #20 mesh nylon net at the
beginning of each 4-hour primary productivity measurement, to estimate
algal abundance. Densities were estimated as number of cells per liter
of water. Primary production was measured during daylight hours, us ing
a light- and dark-bottle oxygen evo lution technique . Bottles were suspended about 20 em below the water surface, at stations 2, 3, 7, 9, and
10.
Standing crop of submersed grass (and some filamentous algae) was
measured at s tations 3, 9, and 10. Al l plant material within l.O-m2
quadrats was collected by hand, dried and weighed. There were minor
losses of plant mat erial during these collections.
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Benthic faunal community structure was determined on the basis of
core samp l es collected at all stations. Each was a composite of three
replicate 44-cm2 cores, 20 em deep, and was washed t hrough a 1 mm mesh
screen. Macro-invertebrate identifications were made using several keys
and publications, including Hartman (1951) , Barnes (1968), Menzies and
Frankenberg (1966), and Gasner (1971). After ident ificat ion and enumer~
ation of species, each was dried at 105°C for 8 hours, then weighed.
Shel ls were not included in biomass es t imates of molluscs, but exoskele tons were included in weights of arthropods. Species di versity was
estimat ed from biomass information rather t han spec i es abundance, because
the contribution of species to a commun i ty is more dependent on the mass
of its members than their numbers. Diversi t y was ca l culated as H' = - E
Pi log Pi where Pi is the proportion of tot al bi omass represented by
species i (Pielou, 1969).
Occasional observations of wildlife popu l at i ons in D' Olive Bay were
made during the several days spent on the bay .
RESULTS
Temperature and Dissolved Oxygen
Diurnal surface water temperature and dissolved oxygen data are
shown in Figures 3 and 4. (Each datum represents the average of stat i ons
1 through 10; vertical bars represent ranges .)
Temperatures were highest in July (Phase I I ). Diurnal temperatures
ranged from 16.9°C to 27 . 0°C during Phase I , 26 .5°C to 33 . 0°C during
Phase II, 24.1°C to 31.1°C during Phase III, and 19 . 4°C to 23 . 3°C during
Phase IV.
Dissolved oxygen (DO) fluctuated more than temperature, both
diurnally and seasonally. Surface concentrations were highest during
periods of high winds (early afternoons of Phases I and I II), and rapid
photosynthesis (Phase II) . Dissolved oxygen was not adequately measured
on 2 May, but data obtained 9 May indicat ed that the surface was nearly
saturated with r espect to oxyg en.
Lowest DO l evels occurred between 0400 and 1000 hours during each of
the first three phases . DO approached zero ppm at the bottom at several
stations during each survey. This patt ern was most apparent during Phase
II , when intense photosynthesis occurred during daylight hours . Nighttime respiration of submersed grasses resulted in near l y complete oxygen
depl etion throughout the water column, especially at stations 1, 2, 4, 8,
9, and 10 where the beds were most dense.
The shallowness and effective mixing of D' Olive Bay waters prec l udes
any temperature and D.O. stratification.
Salinity
Salinity was zero parts per thousand ( 0 /oo) at al l st a tions during
Phas e s I and IV. Heavy rains had fallen before and during the former
survey. Stream discharge was very low from both D'Olive Creek and Blakeley River in Phase II, however, and salinities of up t o 5 °/oo were
observed. Stations at the head of the bay showed generally lower salini ties than those at the bay's mouth. Highest sal inities were observed
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during Phase III . Upper bay salinities ranged from 6 to 12 °/oo, while
lower bay salinities were from 8 to 13 °/oo. Unusually high salinities
were observed in the Mobile Delta during the same period by the Alabama
Department of Conservation and Natural resources (Anonymous, 1972) .
Turbidity
Turbidity data are summarized in Tables 1 through .4. Complete data
are provided because of the importance of turbidity as an indicator of
potential habitat disruption by dredging.
The shallow waters of D'Olive Bay are susceptible to short-term
turbidity increases caused by winds . At all times during this study,
wind patterns were reflected in estimated surface turbidities. Stations
1 and 9 are of particular interest with regard to wind-induced turbidity.
The former is affected by silt runoff from construction near D'Olive
Creek, while the latter was covered by up to 45 em of fine gray mud by
the spoil area dike break in August 1972 . Turbidity at station 1 was
unchanged between Phase I and Phase IV, while station 9 experienced an
increase from 41 to 51 Jackson Turbidity Units (JTU) during that period.
Station 9 was the most turbid station during Phase IV, and also during
Phase III, when a mean of 40 JTU was estimated.
D'Olive Bay turbidity is also affected directly by runoff from both
D'Olive Creek and Blakeley River. Turbidities were lowest during Phase
III, when stream discharge was low.
There was no general increase in bay turbidity due to dredging,
except at stations 8 and 9, as noted above . Stations north and south of
the channel dredging operation (especially stations 3 and 7, respectively)
experienced normal turbidities during and after dredging. Increased
turbidities were observed in the immediate vicinity of the dredge on June
10 (Table 5). Weir discharge waters did not increase bay turbidity at the
time samp1es were taken.
Current Flow
Circulation patterns in D'Olive Bay are diagrammed in Figure 5.
Currents are directed along the eastern edge of D'Olive Bay except at the
northeast corner, where shoals and D'Olive Creek deflect flood-tide waters
toward the middle of the bay.
Sedimentation
Sedimentation rates between April 11 and June 10 were as follows:
Station

2

0.053 mm/ day
0.017
0.040
0 . 053

3
9

10

The smallest accumulation of silt occurred at station 3, which is
characterized by well- sorted sand and gravel (see also Table 7). Prior
to July 23, when the large dredge began working in the channel, station
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Tabl e 1.

Summary of Phase I turbidi t y data in D'Olive Bay .
Turbidity expressed as JTU .

Time
(Hours)

.....

.....
~

Stat ion
7

8

9

10

53
39
28
19
23
38
35
38
37
28

54
44
36
47
33
31
32
62
45
41

55
60
44
47
42
33
28
66
32
42

54
47
37
38
29
35
32
47
58
37

39
38
32
27
41
41
35
35
31
28

60. 5

33 . 8

42 . 5

44 . 9

41.4

34. 7

47 . 9

9. 9

10.1

12 . 4

9 .6

5. 1

1

2

3

4

5

6

1300
1500
1700
1900
2100
2300
0100
0700
0900
11 00

50
45
44
60
47
56
27
62
62
53

89
67
42
33
38
39
33
47
57
47

92
65
45
32
42
38
38
57
76
38

104
53
47
30
34
27
22
93
38
31

59
43
35
33
33
32
32
135
135
100

Mean

50 . 6

49. 2

52.3

47.9

SD

10. 7

17.8

19.7

28 . 3

•

Table 2.

Summary of Phase II turbidity data in D'Olive Bay.
Turbidity expressed as JTU.

Time
(Hours)

Station
1

2

3

4

5

6

7

8

9

10

1300
1500
1700
1900
2100
2300
0100
0300
0500
0700
0900
1100

85
94
95
94
38
45
33
26
22
47
45
74

33
19
40
8
7
8
5
8
6
35
55
38

55
30
45
18
38
42
27
18
20
29
40
45

36
27
44
7
7
7
8
7
9
28
40
50

75
100
90
17
17
22
29
13
12
38
39
64

62
22
63
17
20
17
16
13
12
28
38
77

76
78
85
20
18
16
16
13
13
28
44
87

52
47
70
27
8

45
42
66
7
13

11

11

6
8
21
33
70

6
10
14
24
34
60

63
52
50
31
32
27
42
42 .
35
60
65
44

Mean

58.3

21.7

33.9

23.3

43.0

32.1

41.2

30.3

27.7

45.2

SD

28.0

17.5

12.0

18.5

31.1

22.7

31.1

24.1

21.3

13 . 1

11

0

N
...-4

Table 3 .

Summary of Phase III turbidity data in D' Olive Bay.
Turbidity expressed as JTU.
Station

Time
(Hours)

t-'

N
t-'

1

2

3

4

5

6

7

8

9

10

1200
1500
1730
2030
0230
0530
0830

49
65
20

45
38
18
10
14
13
19

31
31
31
15
13
10
20

44
27
24

35
38

14
13
20

5
9
8
13

38
37
20
8
10
8
11

83
60
43
8
13
9
36

120

8
12
12

33
37
24
13
9
10
15

22
13
9
12
31

25
24
12
5
7
10
12

Mean

25.3

20.1

22.4

20 . 1

21.9

17 .0

18.9

36.0

39 . 9

13.7

SD

22 . 5

11.3

13 . 6

8.3

11.4

13 .5

13.4

28 . 5

41.4

8. 1

11

11

11

72

Table 4.

Summary of Phase I V t urbidity dat a in D'Olive Bay .
Turbidity expressed as JTU .
Stat ion

Ti me
(Hours)
1

2

3

4

5

6

7

8

9

10

1200
1400
1600
1800
2000
2300
0200
0600
0800
1000

56
68
61
56
48
32
33
44
46
52

61
63
39
42
33
52
34
54
53
65

47
52
48
55
50
33
31
42
44
51

49
52
40
49
32
28
31
54
52
33

38
54
48
38
33
36
35
62
59
38

36
47
48
49
37
35
36
57
62
34

49

52
58
64
48
39
41
37
58
66
47

40

47
51
36
37
37
55
61
37

50
52
47
53
38
40
38
62
67
39

52
47
36
36
36
62
61
36

Mean

49 . 6

49. 6

45 . 3

42 .0

44 .1

44 .1

45.6

48.6

51.0

45 . 1

SD

11. 5

11. 9

7.8

10. 2

10. 7

10 . 0

9. 2

10 .2

10 . 3

10.9

N
N
rl

Table 5.

Surface turbidity levels around the channel dredge
operation June 10. (Dredge located about 50 feet
NNW of station 7.)

Distance from Dredge

Turbidity (JTU' s)

100 feet w
w
75
100
s
75
s
75
N
100
N
300
N
600
N

Table 6.

Station

15
18
15
22
47
42
55
29

Relationships between phytoplankton density, turbidity,
and total organic production of water column in D'Olive
Bay.
Phytoplankton
Density
(cells/liter)

Mean
Turbidity
(JTU)

10, 000
4,000
<2,500
<2,000

47.3
42.3
30.7
32 . 2

0.031
0.094
0 . 062
0. 062

Phase II:
2
7
10

55,oM
70,000
135 , 000

42.0
69.0
44.8

0.250
0.250
0.406

Phase III:
3
7
9
10

15,000
4,000
<1,000
25,000

22 .4
18.9
39.9
13 .7

0.155
0 .095
0.030
0 . 044

Phase IV :
3
7
9
10

14 , 500
25,500
10 ,000
10, 000

45.0
46 .0
51.0
45 . 0

0. 357
0.312
0 . 125
0.250

Phase I :
3
7
9
10
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Total Organic
Production
(mg liter-1 hour-1)
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Figure 5.

1 : 12 ,000

Directions of wat er f l ow in D' Olive Bay duri ng ebb and
flood t ida l condition s . Site of the dike break mud flow
i s also shown .
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9 experienced only moderate siltation. High sedimentation r ates were
observed in areas closest to stream discharges.
After the week of August 11, the spoil area dike failed at a point
i n land from station 8. The mud flow from the breach covered about 7
acres of bottom with 6 to 18 inches (45 em) of fine silt and clay.
Res idents of the area reported a s ilt plume extending about 7 miles
southward from the site , to Fairhope.
Mud accumulation at stations 8 and 9 prior to Phase III was not
observed during Phase IV. Of the estimated 45 em of mud at the latter
station in October, only 2 to 3 em remained by the following May. The
removal of this mud by currents also lessened the problem of wind-induced
turbidity, as seen in Table 4.
Sediment

~

The best-sorted (coarsest) sediments in D'Olive Bay occur at station
3 (refer to Table 9) . Stations 2 and 4 are characterized by organic claymud deposits, while silty sand sediments occur at stations 7, 9, and 10.
As not ed above, there may be some change in particle s ize dist ributions
at s tation 3, as a result of southward migration of red clay sediments
from D'Olive Creek.
Primary Production
The relationships between total pe lagic primary production , algal
abundance and turbidity are summarized in Table 6. Phytoplankton wer e
most abundant during Phase II (July), at all stations s ampled . Pr oduc tivity was high at thi s time, and also during Phase IV (May) , although
algae were less abundant. There was no consistent relations hip between
turbid ity and productivity, although product i on was very low at s tation
9 aft er the mud flow generated high turbidities there .
Submersed Plant Standing Crop
The major vascular plants in D'Olive Bay are Heteranther a dubia ,
Najas guadal upensis, Potamo geton pusillus and Ruppia maritima. Grass bed
an~ filamentous green a lgae biomass data are summariz ed in Table 7 .
These
data refl ect the sudden bloom of submersed vegetat ion i n June and July
(1972), and die-off in October. Except for station 9, Phase IV grass beds
were s imilar t o those observed prior t o dredging. Station 9 still experi enced the damaging effect s of the dike break mud f l ow, nine months aft er
it occurred. The low Phase IV standing cr op at station 10 refl ects on
absence of f ilament ous al gae , probably caused by unusually hi gh fl ow in
Blakeley River.
The sudden di e-off of submers ed plants during August coinc ided wi th
simil ar losses of vegetation in the Mobile Delta (Anonymous, 1972) . Most
of the affected species are sensitive to salinity, and may have been ki l l ed
by the unusually saline waters observed at that time.
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Benthic Animal Populations
Animals collected in benthic core samples included the marsh clam
Rangia cuneata, the snail Neritina reclivata, an unidentified tell inid
clam, the crab Micropanope sculptipes, the isopod Cyathura polita, two
species of grumnarid amphipods, insect larvae (Chironomus, Ephemera),
the polychaete worms Amphicteis gunneri, Laeonereis culveri and
Neanthes succinea, two oligochaetous annelids, two nemertean worms
(Rhynchocoela), and the worm eel Myrophis punctatus . In all, 19 different species were collected. The blue crab Callinectes sapidus was

observed in D'Olive Bay, but was not collected . The dominant benthic
species at most locations was Laeonereis culveri .

Table 7.

Submerged plant standing crop (g/m2 dry weight) in D'Olive
Bay during Phases I-IV.
Phase

I (April 1972)
II (July 1972)
III (October 1972)
IV (May 1973)

3

Stat ion
9

17. 9
20.2
19.3
19. 4

25.9
156.3
0. 0
3.5

10
29 . 6
121 . 9
36.6
18.0

The number of speci es taken ranged from 0 to 10 per station. The
greatest numbers of spec i es were found at station 9, prior to the mud
flow . In general , fewer animal s were obtained in cores taken in Phas e
III . Most of this decreased abundance was directly attributable t o
channel dredging (including the dike break).
Biomass (dry weight) and species diversity during the four surveys
are summarized in Table 8 . Biomass estimates ranged from less than 0.01
g/m2 to 152.97 g/m2. Diversity ranged from 0.0 to 0. 80. (There is no
divers ity when all indivi duals are of the same species . A value for H'
of 1.0 to 1. 5 may be considered to represent moderately high diversity . )
Mean biomass estimates varied from 0.23 g/m2 in Phase I II to 18.13 g/m 2
in Phase II . Seasonal influences are evident in this vari ation, and
correspond to seasonal changes in DO-temperature and primary production;
Phase I and IV estimates are s imilar. No attempt was made to compare
these data statistical ly, because of the large standard deviations within
each survey. There rna~ have been an overall reduction in Phase IV biomass
(from 8.46 to 6 . 08 g/m ), but most of thi s difference could be attributed
to a decrease in the abundance of the marsh clam alone .
Although ther e appeared t o be higher diversity and st anding crop in
sediments of larger median parti cle size (e . g. at stations 3 and 9) , there
was no s ignificant correlation between sediment type and speci es diversity
(Table 9) .

126

Table 8.

Station

......
N
-....!

Benthic macro-invertebr a te bio mass and species d iver sity (H') estimates for
D'Olive Bay .
Estimates wer e made using a ll an i mals co lle c te d at each station.

Phase I
Biomass
(g/m2)

Phase II
(H')
Biomass
(g/m2)

0.69
0.46
1. 38
1. 90
0.25
2.15
1.08
1. 66
83.49
0.12
152.97
1.11
0 .7 1
3.17
3.39
1. 56
0 .0 0
70.20

0.04
0.32
0. 48
0.59
0.00
0.24
0.80
0.28
0.02
0.22
0.04
0.08
0.16
0.29
0.58
0.36
0.00
0. 18

0.22
0.18
0.06
0.77
0 .00 4
0.10
0.17
0.00
0 . 02
0.20
1. 06
0.26
0.72
0.25
0.00
0.006
0.04
0.04

0.28
0.19
0.58
0.35
0 . 23
0.29
0.05
0.00
0.30
0.58
0.36
0.41
0.66
0.22
0.00
0 . 00
0.22
0.00

5.53
2.80
5 .6 8
9.54
0
1 6 . 56
0 .15
1. 36
1. 29
15.98
7.58
17 .54
1. 82
1. 21
9.32
1. 52
3.26
8.26

0.32
0.60
0.17
0.06
0
0.24
0
0.29
0.29
0.41
0 .37
0.14
0.54
0.54
0.44
0 .47
0.20
0 .63

18.13
41.60

0.26
0 .23

0.23
0.30

0.27
0.20

6.08
5.78

0.3 2
0. 20

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

0.68
59.26
20 . 46
7.56
0.41
16 . 12
3.85
2.00
4.96
25.81
0.93
1. 20
3.47
0.56
1.14
2.67
0.07
1.10

0 . 21.
0 . 06
0.44
0.42
0.22
0.10
0.28
0.44
0.38
0.06
0.25
-.49
0.24
0.19
0 .7 0
0.35
0.35
0.45

Mean
SD

8.46
13 . 73

0.32
0.15

Ph ase III
(H')
Biomass
( g/m2)

Phase I V
(H')
Biomass
(g/m2)

(H')

There was a marked decrease in animal biomass and diversity in and
around the channel project (refer to Table 8 for complete data, and Table
10 for a comparison of affected and unaffected stations). Differences in
biomass between stations were tested by the Kruskat-Wallis H test and
found significant at the 1% level of significance (X2 = 16 .6). Species
diversity also appeared lower at affected stations, but this difference
was not statistically significant cx2 = 1.3).
Table 9.

Station
2
3
4
7
9
10

Relationship between particle size distributions of sedime.nts
and species diversity and biomass, 10 July, 1972.
Median Particle
Size (microns)
21
177
34
250
125
354

Percent Smaller
l'han 44 Microns

Biomass
(gjm2)

(H')

72.7
18 .6
65.4
33.4
22.3
22.8

0.46
1.38
1. 90
1.08
83.49
0. 12

0 . 32
0 . 48
0.59
0.80
0.02
0.22

Diversity*

*Regression coefficient, b = 0. 00273 ; not significant at 10%
level of significance (t4df = 0.48).
Spec ies diversity data in Phases I-IV were compared with a
randomized - block analys i s of variance (Table 11) . No statistical differences could be detected between the four surveys, relative to the
amount of error variation within each survey. Similarly, differences
between stations were not significant (however, refer to Table 10, and
accompanying comments for an examination of Phase IV data alone).
Wildlife Observations
The D'Olive Bay area supports a rich variety of wildlife. Several
vertebrates observed there are considered endangered or rare by the State
of Alabama. On one occasion , a very large American alligator (Alligator
mississippiensis) was observed in Blakeley River, just above D' Olive Bay.
Three smaller specimens were seen in D'Olive Bay itself in July . Also in
July, a school of about 100 Atlantic sturgeon (Acipenser oxyrhyncus) were
observed feeding in shallow water around station 10 . The school appeared
to be composed of indiv iduals about 3 feet in length.
In October, over 150 great white herons (Ardea occidentalis) were
seen feeding in the bay. Several great blue herons (Ardea herodias) were
present in the bay throughout the study. Brown pelicans (Pelecanus
?ccidentalis carolinensis) were moderately abundant also: about 40
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Table 10.

Comparison of stations in the dredge-affected
area with those unaffected by dredging in
D ' Olive Bay, during Phase IV.

Diversity

Bioma~s

(g/m )

Station

(H')

Unaffected:
1
2
3
4
10
11
12
13
14
17
18

x

=

5 . 53
2 . 80
5.68
9 . 54
15 . 98
7 . 58
17.54
1. 82
1. 21
3.26
8.26
8.11

x

0.32
0 . 60
0 . 17
0.06
0 . 41
0 .3 7
0 . 14
0 . 54
0 .5 4
0 . 20
0 . 63
0. 36

x

0 .0
0 . 24
0 .0
0.29
0 . 29
0.44
0.47
0 .25

Aff ected:
5
6
7
8
9
15
16

..
x

0. 0
16.56
0.15
1. 36
1. 29
9.32
1. 52
4.31
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individuals were observed in July and October. A large flock of white
pelicans (Pelecanus erythrorhynchos) were observed in D'Olive Bay
during October .
The marshlands west and north of D'Olive Bay support a large
population of nutria (Myocastor coypus) • These mammals feed on several
marsh plant species, and cause considerable modification of the sal t
marsh. Debris from their feeding activity enters the bay as organic
detritus . Stations most affected by accumulation of this detritus
(2, 4, 6, 11 and 12) had only moderately abundant benthic faunal
populations .

Table 11.

Randomized block ANOVA of benthic species diversity at 19
stations in D'Olive Bay, during Phase I-IV.

Source of
Variation

df

Sum of
Squares

Total

71

2. 7126

Between
Phases

3

0. 0530

0.0177

0.39*

Between
Stations

17

0.32 74

0.0193

0. 42*

Error

51

2.3322

0.0457

Mean
Square

F

*NS at 10 % level of significance

The high productivity of grass beds in D'Olive Bay provides food
for a great variety of fish. Large schools of striped mullet (MUgil
cephalus) and bay anchovy (Anchoa mitchilli) were seen throughout the
study period. Spot (Leiostomus x anthurus), coastal shiners (Notropis
petersoni) and Atlantic croaker (Micropogon undula tus) were common also.
There did not appear to be any decrease in the abundance of these
animal s during or after dredging of the channel .
DISCUSSION
Estuaries are characterized by extreme variation in temperature,
salinity and oxygen . Most organisms found in areas such as Mobile Bay,
and probably D'Olive Bay, are adapted to thi s fluctuating envir onment,
but also exhibit phys iological and populational responses to variations .
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For exampl e, primary product ivity is concentrat ed during the late
spring-earl y summer bloom in D'Olive Bay (see Table 6) . Subsequent
decomposition of accumulated plant material has a damaging influence on
animal populations, large ly because of oxygen depletion .
The water quality effects of wind- or dredge-induced turbidity
relate to oxygen consumption, as wel l as inhibition of productivity.
Seattle University (1970) reported that sediment resuspension causes an
initial high chemica l oxygen demand (COD), followed by micro-organism
proliferation and high biochemica l oxygen demand (BOD). While neither
COD nor BOD were measured in this s tudy, i t was obvious that the presence
of r i ch organic sediments in D'Olive Bay resulted in depressed dissolved
oxygen (DO) l evels . This was most apparent during Phase II, when nighttime DO approached 0. 5 ppm. Also, daytime levels were very low (about
1.2 ppm) in grass beds affected by the August 2-3 west wind . Although
many estuarine benthic animals are tolerant of low DO levels, the benthos
associated with r i ch organic sediments and pro longed oxygen depletion is
likely to be impoverished (McNulty, et al 1962; Reish 1959). In general,
benthic nonmotile invertebrates are most affected by such changes, as reflected by biomass data in Table 8. As conditions become more favorable,
these populations are re-established.
In D'Olive Bay, this pattern of seasonality was partially interrupted
by the channel dredging project. Thus, primary production by phytoplankton
was high in Phase IV, except at station 9 (Table 6). Residual silt at
this location was responsible for elevated turbidities, which limit photosynthetic act ivity (Krone, 1966) . Furthermore, submers ed plants still
were not fully re-established in the path of the mud flow at station 9.
In Phase II th is area supported a lush growth of grasses and filamentous
a lgae (156 . 3 g/m2). Only scattered stems and rhizomes were found there
in Phase III , and little s t and ing crop was obs erved in Phase IV.
Consequently, a major source for production in D'Olive Bay was l ost for at
least one year . Further s t udies will indicate whether this site recovers
from the accidental dike break . Similar observations were mdde by Taylor
and Saloman (1968), who r eported that production and standing crop of sea
grasses we~e reduced by hydraulic dredging i n Boca Ciega Bay, Florida .
Benthic invertebrate standing crop was decreased at several stations
by dredging. In some of these cases (stations 5, 7, 16), this decrease
was due to physical dredging removal of bottom sediments and .organisms .
Recolonization has not fu ll y re-established populations there . At stations
8 amd 9, the mud fl ow wss responsible for a significant, prolonged loss of
infauna biomass. Stat ions 6 and 15, on the edges of the channel, were not
adversely affected by the dredging project . Overall, there was a 28%
decrease i n benthic invertebrate biomass. Most of this loss was accounted
for by stations within the channel dredging site.
Benthic species diversity was not significantly lowered by dredging,
although two stations (5 and 7) had few or no organisms, and zero diversity.
This ecological parameter seems to be of less importance as an indication
of environmental quality than productivity (including submersed plant
standing crop) and benthic speci es biomass .
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There are no comparative data on diversity esti mates in dredged
areas, but Taylor and Saloman (1968) have reported that the variety of
infauna was very low in canal s, while pelagic fis h diversity was higher
than elsewhere in Boca Ciega Bay. D' Olive Bay pelagic finfish populations did not appear to be affected by disruption of several acres of
bottom . Demersal f ish and shellfish dependent on benthic fauna were
doubtless aff ected, however.
Wildlife in the bay area did not appear to be seriously affect ed
by the dredging operation . Noise from the dredges probabl y drove some
animals away, but species of waterfowl, fish and mammals were observed
in the area after dredging was completed.
The damaging effects of the D'Olive Bay channel project on t he bay
have persisted for at least nine months after dredging was compl eted,
largely because of the lingering effects of the dike break mud flow.
The dissipation of this mud flow may, however, suggest that this part
of the bay ecosystem will recover (however, refer to Taylor and Saloman ,
1968). Continued monitoring of the area by the staff of the Univer sity
of Alabama Marine Science Programs will provide furt her information on
this problem.
CONCLUSIONS
The results of this investigation are summarized as follows:
(1) Channel dredging had temporary and localized direct effects on
turbidity in D'Olive Bay. It had no effect on water temperature, dissolved oxygen, salinity or circulation.
(2) The late-summer dike break caused a 7-acre mud flow which
significantly reduced primary producti vity of pelagic algae, and dest royed
most submersed vegetation and benthic fauna. Th~se effects persisted for
at least 8 months after the accident occurred.
(3) Mos.t benthic animals in the channel site were removed and/or
destroyed. Biomass at seven affected stations was 28 percent l ower than
at "control" stations, 8 months after dredging. Species diversity was
not significantly different at affected and unaffect ed locations.
(4) Seasonal patterns of plant production and growth were affected
by the accidental mud flow at stations 8 and 9. Unusually high salinities
and winds apparently killed most submersed grasses in D'Olive Bay during
August, 1972.
(5) Silt-laden runoff from construction unrelated to dredging has
significantly increased sedimentation and turbidity in the upper portion
of D'Olive Bay, but has not affected benthic fauna standing crop or
diversity.
(6) Channel dredging has had no long-term influence on vertebrate
wildlife populations in D'Olive Bay.
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ABSTRACT
New hosts are presented for the acanthocephala
Floridosentis elongatus Ward, 1953, Gracilisentis
gracilisentis (Van Cleave, 1913), Leptorhynchoides
thecatus (Linton, 1891), and Telosentis tenuicornis

(Linton, 1891), from Alabama marine fishes. New
localities and levels of infection for each species
including Atactorhynchus verecundum (Chandler, 1935)
are discussed. The range for F. elongatus is extended
from southern Texas and Florida to Alabama in the
northern Gulf of Mexico. Gracili sentis gracilisentis
is reported for the first time in marine waters.
RESUMEN
Se presentan nuevos anfitriones para los
acanthocephala Floridosentis elongatus Ward, 1953,
Gracilisentis gracilisentis (Van Cleave, 1913),
Leptorhynchoides thecatus (Linton, 1891), y Telosentis
tenuicornis (Linton, 1891), de los peces marinos de
Alabama. Se incluye la discusi6n de nuevas localidades
y nive les de infecci6n para cada especie incluyendo
Atactorhynchus verecundum (Chandler, 1935) . La extension o alcance de F. elongatus es desde el sur de Texas
y Florida a Alabama en el nort e del Gulfo de Mexico.
Por primera vez se informa la presencia de Gracilisentis
gracilisentis en aguas marinas.

1supported by the Southeastern Cooperative Fish Disease Project.
(In part by Sport Fish Restoration Funds)
J. Mar. Sci. Alabama, 2(3):135-148
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INTRODUCTION
The present study was conducted as the marine portion of a study
on the Acanthocephala of Alabama fi shes. Emphasis was placed on the
coastal and estuarine species. Acanthocephala of marine fishes have
been report ed from t he Atl antic and Gulf coasts of North America in
the surveys of Leidy (1888a, 1888b), Linton (1889, 1891, 190la, 190lb,
1905 , 1933), Sumner, Osborn, and Cole (1913a, 1913b), Van Cleave (1918,
1947), Chand l er (1935, 1954), Nigre ll i (1946), Shaw (1947), Van Cleave
and Manter (1948), O'Rourk (1949), Ward (1953), Sogandares-Bernal
(1955a, 1955b); Bu l l ock (1957a, 1957b, 1960, 1962a: 1962b, 1964, 1966),
Ronald (1957, 1959, 1963) Huizinga and Haley (1962) ; Anderson (1965),
Overstreet (1968), Sekhar and Thre l fa ll (1970), Threlfall and Hanek
(1970), Wi ll iams and Phelps (in press).
MATERIALS AND METHODS
Host fishes were coll ected between March 1969 and July 1972 with
10-, 15-, and 50- f oot seines, monofilament gill nets and trammel nets ,
hook and line, gig , dip net, rotenone, trawl, speargun, crab-trap, and
lift-ne t. They were held alive and examined within 24 hours of capture.
Examination inc luded the al iment ary system, coelomic cavity, gills,
swim bl adder, and urinary bladder of a ll fishes, and the kidney, liver,
spleen, heart, brain and anterior spinal cord, and muscle of many . The
acanthocephala were relaxed in chilled distilled water for 12 hours and
f i xed in 5% forma lin . Who l e mount s were stained with Semichon's carmine
and mounted in permount . Parasites other than acanthocephala will be
reported elsewhere. Hosts were deposited in the Ichthyological Collections of the Department of Fisheries and Allied Aquacultures, and the
Department of Zoo l ogy-Entomology Auburn University, Auburn, Alabama and
The Ichthyological Collection of the Alabama Marine Resources Laboratory.
Dauphin Island, Alabama .
RESULTS
Family Neoechinorhynchidae
Atactorhynchus verecundum Chandler, 1935
Host, locality , and dat e: Sheepshead minnow, Cyprinodon variegatus
Lacep~de , Mob i le Causeway, Mobi le Bay, Alabama (19 November 1969).
Incidence and aver age int ensity: 4, 0.1.
Floridosentis elongatus Ward, 1953
Host, locality, and date: White mullet, Mugil curema Valenciennes,
Fowl River, Mobile Bay (25 January 197 1) .
Incidence and average intensity : 22, 3. 1 .
Discussion: F. elongatus was described (Ward, 1953) from Biscayne Bay,
Fl orida from striped mullet, Mugil cephalus Linnaeus. Cable and Quick
(1954) reported it from Mugil curema Puerto Rico. Bullock (1962)
cons iders F . elongatus to be a synonym of Atactorhynchus mugilis
Machado - Filho (1951), named from Mugil platanus and Mugil sp. from
Brazil, but retains the species in the genus Floridosentis . BravoHollis (1969) reported this species from M. cephal us and M. curema in
Mexico .
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Bullock (1957) found one male specimen of F. elongatus in the
68 specimens of M. cephalus which he examined. He found the specimen
in a coll ection of 13 striped mullet from the lower Texas coast, but
failed to find it in 55 striped mullet examined from the upper Texas
coast . He concluded the reported distribution might indicate that
the life cycle of the parasite involves an intermediate host that is
limited to warmer waters . In a s tudy of southwest Florida fishes,
Bullock (1960) again mentioned this possibility. The report of F.
elongatus from the northern Gulf of Mexico in the present study refutes
thi s re l at ionship. The range of F. elongatus is extended from subtropical regions t o a temperate region .
Gracilisentis gracilisentis (Van Cleave, 1913, 1931)
Hosts, localities, and dates: Gizzard shad, Dorosoma cepedianum
(Lesueur), Mobile Bay, Fairhope, Alabama; threadfin shad, Dorosoma
petenense (GUnther), Mobi le Bay, Fairhope, Alabama (31 January 1971).
Incidence and average intensity: l , 0.2 (gizzard shad); 17, 3 .4
(threadfin shad).
Discussion: This species has previous l y been report ed from D. cepedianum and other freshwater fishes from Mississippi and Illinois (Van
Cleave 1913, 1931). The occurrence in D. petenense represents a new
host record. The present record is the first instance of this parasite
occurring in brackish waters . Graci l isent is gracilisentis is a common
parasite of D. cepedianum in Alabama freshwaters (Williams, unpubl.
data). Both species of Dorosoma were abundant in freshwater co ll ections
wi th D. cepedianum rather rare and D. petenense common in brackish and
marine col l ections. Freshwater origin of the infections of G. gracili sentis in these Dorosoma cannot be suggested without study of the move ments of these two fish species i n the Mobile Bay Region and additional
parasite examinations.
Family Echinorhynchidae
Leptorhynchoides thecatus (Linton, 1891) Kostyl ew, 1924
New hosts, localities, and dates: Saltmarsh topminnow, Fundulus jenkinsi
(Evermann), Mobile Bay, Mobile Causeway (19 November 1969); rainwater
killifish Lucania parva (Baird), Mobile Bay, Mobile Causeway (30 January
1971); southern flounder, Paralichthys lethostigma Jordan and Gilbert,
Blakeley River, Mobile Bay (4 December 1969).
Additional host and l ocality: Gulf killifish, Fundulus grandis Baird
and Girard, Mobile Bay, Mobile Causeway (30 January 1971).
Incidence and average intensity: l , 0.5 (saltmarsh topminnow); 5 , 0.1
(rainwater ki llifish); l, 0 . 1 (southern f l ounder); l , 0.1 (Gulf killifish).

Family Rhadinorhynchidae
Telosentis tenicornis (Linton, 1891) Van Cl eave, 1947
New host, locality, and dat e: Atlantic sturgeon, Acipenser oxyrhynchus
Mitchill, Mobile Bay, Fairhope, Alabama (11 March 1970) .
Hosts, new localities, and dates: Pigfish, Orthopristis chrysoptera
(Linnaeus), Mississippi Sound north of Dauphin Island; (29 May 1970)
spot, Leiostomus xanthurus Lac~p~de, Mississippi Sound north of Dauphin
Island; (11 September 1971) Atlantic croaker, Micropogon undulatus
(Linnaeus), Dauphin Island southwest of East End Canal (8 July 1969).
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Incidence and average intensity: 5, 1.6 (Atlantic sturgeon); 5, 0.5
(pigfish); 1, 0 .01 (spot); 1, 0. 01 (Atlantic croaker) .
Fishes Examined
The f ol lowing fish species were examined for Acanthocephala.
Numbers of each fish examined and range of measurements of total
lengths in cent imet ers follow the name of each species. They are
arranged phyletically by families and a lphabetically by genus and
species and follow the listing of Baily et al. (1970):
Family Carcharhinidae
Apriondon isodon (Valenciennes), finetooth shark, 1, 122.4
Carcharhinus acronotus (Poey) , blacknose shark, 2, 80 . 0 to 99 . 0
c. leucas (Valenciennes), bull shark, 10 , 66 . 1 to 198.0
c. limbatus (Valenciennes), blacktip shark, 2, 132 . 5 to 140.5
Rhi zoprionodon terraenovae (Richardson), Atlantic sharpnose shark,

4, 68 . 7 to 127 . 1
Family Sphyrnidae
Sphyrna lewini (Griffith and Smith), scalloped hammerhead, 1,
183.4
s . mokarran (Ruppell), great hammerhead , 1, 244.4
s. tiburo (Linnaeus), bonnethead, 1, 91.8
Family Squatinidae
Squatina dumerili Lesueur, Atlantic angel shark, 1, 168.8
Family Torpedinidae
Narcine brasiliensi s (Ol fers) , lesser electric ray , 2 , 31 . 3 to
76.3
Family Dasyatidae
Dasyatis sabina (Lesueur), Atlantic stingray, 4, 63.2 to 140.2
Family Acipenseridae
Acipenser oxyrhynchus Mitchill, At lantic sturgeon, 8, 49.0 to
104 . 0
Family Lepisosteidae
Lepisost eus oculatus (Winchell), spotted gar, 1, 78 .4
L. osseus (Linnaeus), longnose gar, 1, 93.2
L. spatula (Lac6pede), alligator gar, 1, 76.0
Family Elapidae
Elops saurus Linnaeus, ladyfish, 26, 0.5 to 59.0
Megalops atlantica Val enc iennes , tarpon, 1, 167. 5
Family Anguillidae
Anguilla rostrata (Lesueur), American eel, 9, 10.0 to 53.5
Family Muraenidae
Gymnothorax ocellatus Agassiz, 1, 47.4
Family Muraenesocidae
Hoplunnis macrurus Ginsburg, s i lver conger, 1, 34.4
Family Ophichthidae
Myrophis punctatus Lutken, speckled worm eel, 17, 7.0 to 29.0
Ophichthus gomesi (Castelnau), shrimp ee l, 6, 28.0 to 49 . 3
Family Clupeidae
Alosa alabamae Jordon and Evermann , Alabama shad, 2, 32.4 t o 37 . 6
A . chrysoc hloris (Rafinesque), skip jack herring, 39, 30.5 to 40.2
Br evoortia patronus Goode, Gulf menhaden, 57, 4.5 to 25.4
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Dorosoma cepedianum (Lesueur), gizzard shad , 6, 22.8 to 28.1
D. petenense (Gunther), threadfin shad, 10, 4.9 to 20.2
Harengula pensacolae Goode and Bean, scaled sardine, 6, 3.8 to 15 .0

Family Engraulidae
Anchoa hepsetus (Linnaeus), s triped anchovy, 32, 5.4 to 13 . 0
A. mitchilli (Valenciennes ) , bay anchovy, 84, 5.5 to 8.0

Family Salmonidae
Salmo gairdnerii Ri chardson, rainbow trout , 20 , 17 . 8 to 24.2

Family Synodontidae
Synodus foetens (Linnaeus), inshore lizardfish , 20 , 6.0 to 23.2

Family Ariidae
Arius felis (Linnaeus), sea catfish, 38, 10.4 to 42.1
Bagre marinus (Mitchill), gafftopsail catfish, 24, 11.2 to 59.0.

Family Batrachoididae
Opsanus beta (Goode and Bean), Gulf toadfish , 8, 19 . 4 to 29 . 9
Porichthys porosissimus (Valenciennes), Atlantic midshipman ,
5, 14.9 to 28.1
Family Gobiesoc idae
Gobiesox strumosus Cope, skilletfish, 4, 5 . 6 to 9 .6
Famil y Antennariidae
Antennarius r adiosus Garman, singlespot frogfish, 2 , 6.9 to 8.8
Family Ogcocephalidae
Halieutichthys aculeatus (Mitchill), pancake bat f i sh, 2, 10.9
t o 12.4
Ogcocephalus sp . , 1, 10.5
Family Gadidae
Steindachneria argentea Goode and Bean, luminous hake, 5, 16.0
to 18 . 0
urophycis floridanus (Bean and Dresel ), southern hake, 1 , 21 . 0
Family Ophidiidae
Ophidion welshi (Nichols and Breder), crested cusk-eel, 3, 12.8
to 17.0
Otophidium sp., 4, 17 . 8 to 25.4
Famil y Exocoetidae
Hyporhamphus unifasciatus (Ranzani), halfbeak , 2, 16.7 to 18.1
Family Belonidae
Strongylura marina (Walbaum), Atlantic needlefish, 16, 3.9 to
14.0
Fami l y Cyprinodontidae
Adinia xenica (Jordan and Gilbert), diamond killifish, 47, 3.0
to 4.5
Cyprinodon variegatus (Lacep~de) , sheepshead minnow, 46, 2.5 to
7.2
Fundulus confluentus Goode and Bean, marsh ki llifish, 1, 3.5
F . grandis Baird and Girard, Gulf killifish, 12, 4.3 to 9.0
F. jenkinsi (Evermann) , saltmarsh topminnow, 2, 5.0
oF. similis (Baird and Girard) , longnose killifish, 32, 6.0 to
13.0
Lucania parva (Baird), rainwater kil l i fish, 40 , 2.5 to 4.5
Family Poeciliidae
Gambusia affinis (Baird and Girard) , mosquito f ish, 1, 4.5
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Poecilia latipinna (Lesueur), sailfin moliy, 15 , 3.0 to 9.0

Family Atherinidae
Membras martinica (Valenciennes), rough silverside, 25, 7.3

to 11.0
Menidia beryllina (Cope), tidewater silverside, 56, 4.0 to

11 . 0
Family Syngnathidae
Syngnathus louisianae Gunther, chain pipef ish , 2, 10.0 to 21. 2
s. scovelli (Evermann and Kendall), Gulf pi pefish, 13 , 12.7 to

19.0
Family Percichthyidae
Morone saxatilis (Walbaum), striped bass, 11 0, 5.9 to 24.3

Family Serranidae
Centropri sti s philadelphica (Linnaeus), rock sea bass, 20, 8. 4

to 25.4
Epinephelus nigritus (Holbrook), warsaw grouper, 1, 142.0
Mycteroperca bonaci (Poey), black grouper, 2, 19 . 1 to 89.3
M. microlepis (Goode and Bean), gag, 5, 20 . 4 to 71.4
Serranus subligarius (Cope), belted s andfi sh, 4, 10.1 to 14 .5

Family Grammistidae
Rypticus maculatus Holbrook, whitespotted s oapfish, 2, 14 .5 to

20.5
Family Pomatomidae
Pomatomus saltatrix (Linnaeus), bluefish , 7, 43.3 to 50.7

Family Rachycentri dae
Rach ycentron canadum (Linnaeus ) , cobia, 2, 73.8 to 122.7

Family Echeneidae
Echene is naucrates Linnaeus, shark sucker, 1, 42.4

Family Carangidae
Caranx bartholomaei Cuvier , yel l ow j ack, 1, 30.0
hippos (Linnaeus ), creval l e jack , 25, 3.1 to 29.2
Chloroscombrus chrysurus (Linnaeus ) , Atl antic bumper, 3, 7 . 6

c.

to 11.4
Selene vomer (Li nnaeus), lookdown, 3, 6.4 to 7.2
Trachinotus carolinus (Linnaeus ) , pompano (Florida pompano) ,
200, 5.4 to 29.2
T . falcatus (Linnaeus) , permit, 5, 2.5 to 5.6
Vomer s e tapinnis (Mitchill) , Atlantic moonfish, 59, 4.5 to 39.4

Family Coryphaeni dae
Coryphaene hippurus Linnaeus, dol phin, 5, 101 . 0 to 122.4

Family Lutjani dae
Lutjanus apodus (Walbaum), s chool mast er, 10, 20.3 to 32.9
L. campechanus (Poey) , red snapper , 18 , 20.0 to 44.0
L. griseus (Linna eus), gray snapper, 1, 9.1
L . s ynagris (Li nnaeus ) , lane snapper , 5, 10.2 to 11 . 4
Rhomboplites aurorubens (Cuvier), vermi lion snapper, 1, 21 . 0

Family Lobotidae
Lobotes suriname ns i s (Bloch) , t riplet ai l , 3, 29.2 to 50 .4

Fami ly Gerrei dae
Eucinos tomus gula (Quay and Gai mard), silver jenny, 5, 7.5 to

11.5
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Family Pomadasyidae
Orthropri stis chrysoptera (Linnaeus ), pigfish 10, 9.2 to 15 .3

Family Sparidae
Archosargus probatocephalus (Walbaum), sheepshead, 5, 30.5

to 40.7
Calamus penna (Valenciennes) , sheepshead porgy, 1,
C. proridens Jordan and Gilbert, littlehead porgy,
Diplodus argentus (Valenciennes), silver porgy, 1,
Lagodon rhomboides (Linnaeus), pinfish, 40, 4.5 to
Stenotomus caprinus Bean, longspine porgy, 3, 11.1

29 . 3
1, 32.0
45.6
20.8
to 20;4

Family Sciaenidae
Bairdiella chrysura (Lac~p~de), silver perch, 6, 10. 7 to 17.6
Cynoscion arenarius (Ginsburg), sand seatrout, 79, 13.4 to 50.1
c. nebulosus (Cuvier), spotted seatrout, 5, 25.2 to 49.5
c. nothus (Holbrook), silver seatrout, 1, 12.8
Larimus fasciatus Holbrook, banded drum, 37, 11.0 to 15.5
Leiostomus xanthurus Lacep~de, spot, 70, 7.9 to 25 . 2
Menticirrhus americanus (Linnaeus), southern kingfisb, 4~. 7.8

to 17.5
M. foca li ger Ginsburg, minkfish, 8, 8.9 to 14 . 6
M. littoralis (Holbrook), Gulf kingfish, 16, 7 . 0 to 9 . 5
Micropogon undulatus (Linnaeus), Atlantic croaker, 102, 6.6 to

43.7
Pogonias cromis (Linnaeus), black drum, 6, 24.2 to 105.0

Fami ly Kyphosidae
Kyphosus sectatrix (Linnaeus), Bermuda chub, 3, 25 . 3 to 26.6

Fami l y Ephippidae
Chaetodipterus faber (Broussonet), Atlantic spadefish, 7, 13 .0

to 27.5
Family Chaetodontidae
Chaetodon ocellatu s Bloch , spotfin butterflyfish, 1, 78. 0

Family Labridae
Halichoeres bivittatus ( Bloch), slippery dick, 4, 12.1 to 21.6

Family Mugilidae
Mugil cephalus Linnaeus, striped mullet, 186, 9.7 to 59.2
M. curema Valenciennes, white mullet, 7, 25.2 to 32.6

Family Sphyraenidae
Sphyraena barracuda (Walbaum), great barracuda, 2, 83.9 to

122.0

s.

•

borealis DeKay, northern sennet, 1, 43.3
Family Polynemidae
Polydactylus octonemus (Girard), Atlantic threadfin, 10, 14.5
to 22.1
Family Uranoscopidae
Astroscopus y-graecum (Cuvier), southern stargazer , 8, 9.6 to
48.3
Famil y Blenniidae
Chasmodes saburrae Jordan and Gilbert, Florida blenny, 3, 6.0
to 7.1
Hypsoblennius ionthas (Jordan and Gilbert), freckled blenny,
4, 5.2 to 9.4
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Family Eleotridae
Dormitator maculatus (Bl och), fat sleeper, 2, 6 . 9 to 12.1

Family Gobiidae
Gobionellus boleosoma (Jordan and Gilbert), darter goby, 24,

4.0 to 7.0
G hastatus Girard, sharptail goby, 1, 12.0
Gobiosoma bosci (Lacepede), naked goby, 52, 4.0 to 5 . 5
Microgobius gulosus (Girard), clown goby, 1, 4.9
M. thalassinus (Jordan and Gilbert), green goby, 1, 4 . 0

Family Acanthuridae
Acanthurus chirurgus (Bloch), doctorfish, 2, 13.9 to 14 . 6

Family Trichiuridae
Trichiurus lepturus Linnaeus, Atlantic cutlassfish, 28, 24.1

to 48.2
Family Scombridae
Acanthocybium solanderi (Cuvier), wahoo , 4, 113. 0 to 144 .0
Euthynnus alletteratus (Rafinesque), l i ttle tunny, 1, 110.2
Scomberomorus cavalla (Cuvier), king mackerel, 4, 29.2 to 94.6
Scomberomorus maculatus (Mitchill), spanish mackerel, 10, 4.4

to 56.0
Thunnus albacares (Bonnaterre), yellowfin tuna, 2, 112 .0 to

170.0
Family Istiophoridae
Istiophorus platypterus (Shaw and Nodder), sailfish, 2, 205.0

to 220.0
Tetrapturus albidus Poey, white marlin, 2, 203.0 to 211.0

Family Stromateidae
Peprilus alepidotus (Linnaeus), harvestfish, 4, 7.8 to 22.0
P. triacanthus (Peck), butterfish, 25, 3.8 to 13.5

Family Scorpaenidae
Sebastes marinus (Linnaeus), redfish, 2, 42.8 to 45.0

Family Triglidae
Prionotus roseus Jordan and Evermann, bluespotted searobin, 5,

17.8 to 30 . 5
P. rubio Jordan, blackfin searobin, 5, 10.5 to 14.2
P. tribulus Cuvier, bighead searobin, 1, 12.4

Family Bothidae
Ancylopsetta quadrocellata Gill, ocellated flounder, 11, 11 . 0

to 27 . 0
Citharich ythys spilopterus Gunther, bay whiff, 1, 11 . 1
Etropus crossotus Jordan and Gilbert, fringed flounder, 10, 9.0

to 11.0
Paralichthys albigutta Jordan and Gilbert, Gulf flounder, 1, 20.1
P. lethostigma Jordan and Gilbert, southern flounder, 19, 22.4

to 35.5
P. squamilentus Jordan and Gilbert, broad flounder, 3, 5.5 to 9.0
Syacium gunteri Ginsburg, shoal flounder , 5, 14.0 to 17.9

Family Soleidae
Gymnachirus melas Nichols, naked sole, 4, 10.1 to 14.2
Trinectes maculatus (Bloch and Schneider), hogchoker, 8, 5.0 to

8.5
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Family Cynoglossidae
Symphurus

pl~giusa

(Linnaeus), blackcheek tonguefish, 12 , 6.0

to 11.4
Family Balistidae
Aluterus schoepfi (Walbaum), orange filefish, 1, 9.6
Balistes capriscus Gmelin, gray triggerfish, 3, 13.9 to 14.4

Family Ostraciidae
Lactophrys guadricornis (Linnaeus), scrawled catfish, 2, 18.1

to 22.9
Family Tetraodontidae
Sphoeroides nephelus (Goode and Bean), southern puffer, 6, 4.0

to

s.

7.~

spengleri (Bloch), bandtail puffer, 1, 17.9

Famil y Diodontidae
Chilomycterus schoepfi (Walbaum), striped burrfish, 2, 15.6 to

19.6
DISCUSSION
Five species of adult Acanthocephala were recovered from 12 to
151 species of fishes examined. Acanthocephalan infections were very
rare, occurring in only 22 fishes of 2,231 examined. No attempt was
made t o determine individual seasonal variation . As a group , 98% of
the 63 specimens of Acanthocephal a in the present study were collected
October through March; while only 32% of the hosts were collected
October through March during the 3 year study. Three hundred twentyfour host specimens (15%) were examined from portions of the study area
· having a maximum salinity of 15 ppt or less. Eighty-nine per cent of
the acanthocephalan specimens in the present study were collected in
these low salinity areas.
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